


PRE FACE

This publication is primarily intended for use by 
IBM personnel enrolled in course 10331.

PRELIMINARY EDITION (October 1970)
This publication has been printed in a preliminary format so that 
it would be available to the intended users in time for training on 
this course. This preliminary manual may contain typographical 
errors that would normally be corrected before publication. This 
edition is not eligible for suggestion awards, however, your 
comments will be appreciated.

Issued to: _______________________________

Branch Office: _______________________ No:

Address: ______________________________

If this manual is mislaid, please return it to the above address.

Address any comments concerning the contents of this publication to: 
IBM, Field Support Documentation. Dept 927. Rochester, Minnesota 
55901.

©  Copyright International Business Machines Corporation 1970



CONTENTS

SUBRUTIN........................................................... 1
BRANCHES.........................................   18
LOOPS.................................................................  54
NESTED...............................................................  74
LOOPS TA ........................................................  85
STORAGE ........................................................... 95
STORE T A .............................................................137
STOR T A 2 ............................................................. 149
SORTS......................................................................163
SORT TA1........... ....................................................185
VARIABLE............................................................. 195
VARY T A 1.............................................................229
QUEUE................................................................... 240
QUEUE TA1...........................................................273
QUEUE TA2 .........................................................284
SORT SUP ..................................  295
QUE SUPL.................................................  318
PPD WP01............................................................. 343
PPD WP02 ........................................................... 394





CZaZZcCZZcZC 
zZZZZcZCc6 Cc 

c c 
ZZ 

cc 
C c 

c c 
cc 
CZ
cz Zc
ccccZccZccZZ 

ZZcZZZZcZZ

XX XX
XX XX
XX XX
XX XX
XX XX
x X X x X X X  
X X X X X X X 

XX XX
XX XX

XX XX
XX xx

XX XX

ÜuUuüÜUuLÜUU 
L ü ü U ü ü ü U ü Ü ü Ü 
ÜÜ l ü
Üü Uü
uü UU
uü Uü
UU UU
UU Li U
UÜ ÜU
UU Uü
Ü ü U u Ü ü ü ü i . ü L ü
uuüuUüuüUüUü

üu uuUUuüüüüU 
LüüüUuUbüÜÜÜ 
Ub Uü 
ÜÜ uü 
UÜ Üü 
Üu ÜÜ 
Üu uU 
UU ü ü  
ÜU ÜÜ 
UU ÜÜ 
ULLUÜUÜUuuUu 
UüuuUuüüüUüü

b d d d d b ti ti ti d ti 
d d b b b d d d ö d b f e  
b b  b b
b d b b

d d b b
o b d b d b b d d ü  
d b b b b b b d ö ö

Q o d 8
d b bh
bb bu
b b ü d d b b b a a d b  

d b d b b d b b b b b

r r r r r r  
r r r r r r r r  
rr rr
rr rr
rr 
rr 
rr 
rr 
rr 
rr

r r r r r r r r r r
r r r r r r r r r r

ü U Ü U Ü ü U ü U Ü U Ü
uüuüUUüuUÜUu 
uü Uü
üü üu
üü UÜ
UÜ UÜ
üu Lu
uü UU
uü üü
ÜÜ Üü
JÜUÜJÜÜUÜüUÜ 
üuüüüOüüUUüü

cc d b
Gd ad
do ca
oo 00

oo ofa
o a o d o o o o o o o  

d u d o o ö a d j o b ö  
da 'da
ao 'öd
dd ah
Oüdo daddöo dü  

dd d db b d dd b d

ö O
ü a 
b d 
do 
a o

ü o ü d o d d d c d c  
oo d o d o a  uioac 
ad a a
dd a o
co o o
öoouüoüCvjaau 
o c o d o o o ü d d ü





ssssssssss uu uu BBBBBBBBBBB RRRRRRRRRRR UU uu TTTTTTTTTTTT IIIIIIIIII NN NN
ssssssssssss uu uu BBBBBBBBBBBB RRRRRRRRRRRR UU uu TTTTTTTTTTTT IIIIIIIIII NNN NN
SS SS uu uu BB BB RR RR uu uu TT II n n n n NN
SS uu uu BB BB RR RR uu uu TT II NN NN NN
sss uu uu BB BB RR RR uu uu TT II NN NN NN

sssssssss uu uu BBBÖBBBBBB RRRRRRRRRRRR uu uu TT I I NN NN NN
sssssssss uu uu BBBBBBBBBB RRRRRRRRRRR uu uu TT II NN NN NN

sss uu uu BB BB RR RR uu uu TT II NN NN NN
SS uu uu BB BB RR RR uu uu TT II NN NNNN

SS SS uu uu BB BB RR RR uu uu TT II NN NNN
SSSSSSSSSSSS uuuuuuuuuuuu BBBBBBBBBBBB RR RR uuuuuuuuuuuu TT IIIIIIIIII NN NN
SSSSSSSSSS uuuuuuuuuu BBBBBBBBBBB RR RR uuuuuuuuuu TT IIIIIIIIII NN N

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 
9999999999

$ $  ̂*4^****#**#£#*£!}:*****$*:?:*****************^ ************************************************************************



SYMBOL

SUBRTN01
EXPONENT
EXPONENT

EXTERNAL SYMBOL DICTIONARY
TYPE ID A DDR LENGTH LD ID
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SUBROUTINE HORK PROJECT NUMBER ONE.

LC1C OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

000000 2 SU BRTN 01 CSECT
OOOOOC 3 R BAS E EQU 1 2
OOGOOF 4 RX EQU 15
000000 5 RO EQU 0
0 0 0 0 0 1 6 R 1 EQU 1
0000 02 7 R2 EQU 2
000C03 8 R3 EQU 3
000004 9 R4 EQU 4
000005 1 0 R5 EQU 5
000006 1 1 R6 EQU 6
000007 1 2 R7 EQU 7
0 0 0 0 0A 13 RIO EQU 1 0
OCOOOB 14 Rll EQU 1 1
OOOOOC 15 R.12 EQU 1 2
COOOOD 16 R 13 EQU 13
OOOOOF 17 R14 EQU 14
OOOOOF 18 R15 EQU 15

20 *
2 1 *
22 *
23 *

PAGE 1

F08APR70 9/17/7C 

00000200
BASE REGISTER FOR THE PROGRAM. 00000300
ANY SCRATCH REGISTER.' 00000400

00000500 
C00G0600 
00000700 
00000800 
00C0C900 
00001000  
0 0 001100  
00C012CG 
00001300 
00001400 
00001500 
0CC01600 
00001700 
00001800

«ft********************************** 00002000
♦SUBRO UT IN E USAGE WORK PROJECT 1. * 00002100
* ----.----- - ----- ----------- ~----- - * 00002200
************************************ 00002300

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

***$**$****$*$**#*#***##************************$***#****##*$$*********
♦
♦ THIS PROGRAM IS BEING •CALLED* BY A HIGHER PROGRAM, WHICH I
♦ WILL CALL •BIGBRTHR*, AND, SINCE THIS IS A •CALLED* PROGRAM,
♦ IT HAS CERTAIN RESPONSIBILITIES TO IT*S * CALLER* (•BIGBRTHR•).
♦ FOR EXAMPLE, WE ARE GOING TO HAVE TO RETURN TO HIS PROGRAM
♦ WHEN WE ARE FINISHED EXECUTING, AND MUST THEREFORE SAVE HIS
♦ REGISTERS SO THAT WE MAY GIVE THEM BACK TO HIM UPON RETURN.
♦
♦ CONVENTIONS SAY THAT OUR 'CALLER* ('BIGBRTHR•I MUST SEND US
♦ THE ADDRESS OF A SAVE AREA IN REGISTER 13 WHEN HE BRANCHES
♦ TO OUR PROGRAM, AND THAT WE MUST SAVE HIS REGISTERS IN THE
♦ 4TH THROUGH 18TH WORDS OF THAT AREA, STARTING WITH REGISTER
♦ 14 IN THE 4TH WORD, AND ENDING WITH REGISTER 12 IN THE 18TH
♦ WORD OF THAT AREA.
♦
*********************** QUESTION 8.1 ********************************** 
* '
♦ WRITE THE INSTRUCTION!S) NECESSARY TO SAVE ■BIGBRTHR•S
♦ REGISTERS, ACCORDING TO CONVENTIONS.
♦
***********************************************************************

*
***********************************************************************

00002 500 
00002600 
0OG02700 
00002800 
00002900 
00003000 
00003100 
00003200 
00003300 
00003400 
00003500 
00003600 
00003700 
00003800 
00003900 
00004000 
00004100 
00004200 
00004300 
00004400 
00004500 
00004600 
G00047C0 
00004800 
00004900 
Q00C5000



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

OCOOOO 90EC DOOC

*

52 * . . . .............. .......................... .......................................  00CO5200
53 * 00005300
54 * ANSWER 8.1 000C54ÜÜ
55 * 00005500
56 * THE BEST ANSWER IS THIS: 00005600
57 * 00005700

OOOOC 58 STM R14,R12,12(R13) SAVE * BIGBRT HR * S REGISTERS. 0000580?
59 * 0000590C
60 * BUT ANY INSTRUCTION OR COMBINATION OF INSTRUCTIONS THAT GIVE 00006000
61 * THE FOLLOWING RESULT, WOULD BE CORRECT. 00006100
62 * 00006200
63 * REG 1 3 ----> SAVE AREA PASSED BY * BIGBRTHR'• 00006300
64 * +--------—  + 00006400
65 * + 0 1 1 THE SAME RESULTS COULD BE GAINED 0 0 0 0 6 500
66 * +--- ----- -+ BY USING: 00006600
67 * 1 I CO 006700
68 * +--------- + ST R14,12(R13) 00006800
69 * 1 1 ST R15,16(R13) 00006900
70 * +--------- + ST R O ,2 0(R13) 00007000
71 * + 1 2 1 REG.14 1 ST R1 ,24(R13) 00007100
72 * +----— --- + ETC. ETC. ETC... 0 0 0 0 1 2 0 0
73 * + 16 1 REG•15 | 0 0 0 0 1 3 0 0
74 * +--------- + BUT IT IS CONSIDERABLY LESS 00007400
75 * + 20 I REG.0 | ; EFFICIENT THAN THE STORE 00007500
76 * +------- - + MULTIPLE INSTRUCTION. 00007600
77 * )>>>)))))) 00007700
78 * C ( (< ( ('(((( 00007800
79 * +------- — '+ 00007900
80 * +68 1 REG.12 1 00008000
81 * +-------— + 00008,100
82 * 00008200
83 * ....... 00008300

85
86 *
87 * NOW, SINCE WE ARE GOING TO USE SYMBOLIC NAMES IN THIS PROGRAM,
88 * WE NEED TO ESTABLISH ADORESSIBILITY TU THESE NAMES FOR THE
89 * ASSEMBLER PROGRAM, SO THAT IT MAY CONVERT THEM TO BASE AND
90 * DISPLACEMENT VALUES.
91 *
92 Jjesjt********************** QUESTION 8.2 *********************************
93 *
94 * WRITE THE INSTRUCTI ON(S ) NECESSARY TO SET UP A BASE REGISTER
95 * AND ESTABLISH ADDRESSABILITY FOR THE ASSEMBLER.
96 *
97 #### #**###***#*£***:$:# ********:{£******************************* **********
98 *
99 * • ;

100 ***********************************************************************

00008,500 
00008600 
00008700 
00008800 
00008900 
00009000 
00009100 
00009 200 
00009300 
00009400 
00009500 
00009600 
00009700 
00009800 
00009900 
0 0 010000



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 3

102 * ....................................................................................  00010200
103 * . 00010300
104 * ANSWER 8.2 00010400
105 * 00010500
106 * THERE ARE ANY NUMBER OF WAYS TO ACCOMPLISH THIS, BUT THE ONE 00010600
107 * THAT I PREFER TO USE IS: 00010700
108 * 00010800

000004 05C0 109 BALR RBASE,0 PUT THE ADDRESS OF 'HERE» IN BASEREG 00010900
CC0006 110 USING *,RBAS E TELL THE ASSEMBLER WHAT ADDRESS AND 00011000

111 * WHAT REGISTER TO USE FOR SYMBOLIC 00011100
112 * NAME ADDRESSING. 00011200
113 * 00011300

CO0006 05CC 114 BALR RB ASE,0 YOU COULD ALSO USE THIS METHOD. 0C0114CC
000008 115 USING SUBRTN01+8,RBASE 00011500

116 * .................................................................................. 00011600

LOC OBJECT CODE ADDR 1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/7C

118
119
120 
121 
122
123
124 
12 5 
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

❖
NOW, SINCE WE ARE GGING TO BECOME A 'CALLING* PROGRAM WHEN 
WE USE THE 'EXPONENT' SUBROUTINE, WE MUST PROVIDE IT WITH 
A PLACE FOR IT TO SAtfE OUR REGISTERS, AND, AT THE SAME TIME, 
WE MUST REMEMBER WHERE THE SAVE AREA PASSED BY 'BIGBRTHR'
IS LOCATED. CONVENTIONS SAY THAT WE SHOULD CHAIN SAVE AREAS 
AS IN THE FOLLOWING DIAGRAM:

SAVE AREA IN

+ 0

+4

+8

- +
I
+ <-

AREA
+
I
+
I

('SAVEARE A')

❖
£
*
*
*
*
*

❖
*
❖
*
*
*
*
*
*
❖
*
*
jfc#*##*##*#*****##*»*#*# QUESTION 8.3 **##**££**#****************#******* 
*
* WRITE THE CODE TO ACCOMPLISH THIS, USING THE NAME 'SAVEAREA'
* FOR OUR SAVE AREA. *---- r~* ’
*
**************************$**************************************#*****
*
*

+ 12

* BIGBRTHR »
+— ------- +
| UNUSED |<~
+--------- +
|000000001
+--------- + I
I » » — +— — >+
+----  ---- +
! REG.14 |
+--- — ----+
)))))))))) 
((((((((((
+--------- +

OUR SAVE
+------- -

+— >1 UNUSED
I ♦--------
C---+— « «

+--------- +
1ooooocooi
+■---- -----+
I EMPTY. I
+--------- +
)))))))))) 
(((((((((( 
+------- ' +

+ 12

*

0C011800 
00011900 
00012000  
00 0 12 1 0 0  
00012200  
00012300 
00012400 
00012500 
00012600 
00012700 
00012800 
00012900 
00013000 
00013100 
00013200 
00013300 
00013400 
00013500 
00013600 
00013700 
00013800 
C 0 G13 Q 0 0 
00014000 
000141CO 
OO C14200 
00014300 
000144GC 
OOC14500 
00014600 
OOC14700 
00014800 
00014900 
00015000



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT

1 52

SOURCE 

* ....... .

STATEMENT F08APR70 9/17/70

00015200
153 * 00015300
154 * ANSWER 8.3 000154G0
155 * 00015500
156 * YOUR CODE SHOULD LOOK SOMETHING LIKE THE FOLLOWING : 00015600
157 * 00015700

000008 41F0 C09C 000A4 158 LA RX,SAVEAREA ADDRESS OF OUR SAVE AREA. 00015800
OOOOOC 50D0 CO AO 000A8 159 ST R13,SAVEAREA+4 SAVE 1BIGBRTHR* S SAVE AREA ADDRESS. 00015900
000010 50FD 0008 00008 160 ST R X ,8(R13 ) CHAIN OUR SAVE AREA TO 1BIGBRTHR* S 00016000
000014 18DF 161 . LR R13,RX MAKE OUR SAVE AREA THE ACTIVE ONE. 00016100
000016 47F 0 CC5 8 00060 162 B MAINLINE SKIP AROUND CONSTANTS. 00016200

163 * ....... . 00016300

16 5 
166 *
167 * THIS PROGRAM USES A SUBROUTINE WHICH WILL RAISE AN INTEGER
168 * VALUE TO A POWER REPRESENTED BY ANOTHER INTEGER .
169 *
170 * FOR EXAMPLE, THE SUBROUTINE MAY BE USED TO RAISE 3 TO THE
171 * 4TH POWER. THREE RAISED TO THE FOURTH POWER MEANS THAT 3 IS
172 * USED AS A FACTOR 4 TIMES. I.E. 3 X 3 X 3 X 3 = 3 T 0  THE 4TH.
173 *
174 * +++++++++ READ THE PROLOGUE FOR THE EXPONENT SUBROUTINE NOW.
175 * IT MAY BE FOUND ON PAGE 10 OF THIS ASSEMBLY LISTING. +++++++
176 *
177 * I'LL BE WAITING HERE FOR YOU TO GET BACK......
178 *
179 * USING THE INFORMATION SUPPLIED IN THE PROLOGUE, WE ARE GOING
180 * TO SET UP THE PARAMETERS AND LINKAGE NECESSARY TO USE THE
181 * ROUTINE.
182 * '
183 * FIRST, WE WILL HAVE TO DEFINE THE PARAMETERS WHICH WE INTEND
184 * TO PASS TO THE SUBROUTINE.
18 5 *
186 ************************ QUESTION 8.4 *********************************
187 *
188 * LET US SUPPOSE THAT WE WANT TO RAISE 6 TO THE EIGHTH POWER.
189 * WRITE THE CONSTANTS NECESSARY TO DO THIS USING THE FORMAT
190 * DEFINED IN THE SUBROUTINE'S SPECIFICATIONS.
191 *
1 92 ** ##**#######** ########:$:£ #**#####
193 *
194 *
19 5 JÉ#######* ###*** ###******#*:£#***#*# *******

00016500 
00016600 
00016700 
00016800 
00016900 
00017000 
00017100 
00017200 
00017300 
00017400 
00017500 
00017600 
00017700 
00017800 
00017900 
00018000 
00018100 
00018200 
00018300 
00018400 
00018500 
00018600 
00018700 
00C18800 
00018900 
00019000 
00019100 
00019200 
00019300 
COO 19400 
00019500



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 5

LOC OBJECT CODE ADDR 1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

197 000197C0
198 * ANSWER 8.4 0ÜÜ19800
199 * 00019900
200 * IF YOU WROTE SOMETHING LIKE THE FOLLOWING, YOU ARE CORRECT. 00020000

000020 201 SOMENAME DS OD 00020100
000020 00000006 202 SIX DC F • 6 ' 00020200
000024 00000008 203 EIGHT DC F •8 • 00020300
000028 0000000000000000 204 ANSWER DC D ' C 00020400

205 * 00020500
206 * OR, YOU MAY HAVE WRITTEN THE FOLLOWING INSTEAD OF THE 00020600
207 * CONSTANTS CALLED 'SIX* AND 'EIGHT'. 00020700
208 * 00020800

000030 0000000600000008 209 DC F'6 ,8' 00020900
210 * 00021000
211 * YOU MAY ALSO HAVE WRITTEN "  CNOP 0,8 "  IN PLACE OF THE 00021100
212 ★ *• DS OD " ,  AS BOTH CAUSE THE DESIRED DOUBLE-WORD 00021200
213 ♦ ALIGNMENT. 00021300
214 * 00021400
215 * ....... . 00021500

217 **$*******£❖******❖***** QUESTION 8.5 ********************************* 00021700
218 * 00021800
219 * NOTICE THAT WE USED A "  DS OD •■ TO BEGIN THE LIST IN OUR 00021900
220 * ANSWER, WAS THIS NECESSARY? IF SO, WHY? 00022000
221 * 00022100
2 22 ** ** *** * ****** # * **** s*##**#*:**#*####******#*##* **#*:$£ ******** 00022200
223 * ' ' 00022300
224 * 00022400
225 * 00022500
226 * 00022600
227 *********************************************************************** 00022700

C00038 0700 228 CNOP 2,8 00022800



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

2 30 * ..................................................................................  0C023000
231 * ANSWER 8.5 00023100
232 * 00023200
233 * YES, IT IS NECESSARY TO CAUSE THE FIRST WORD IN THE LIST TO 00023300
234 * BE ON A DOUBLE-WORD BOUNDARY, AND THE THIRD PARAMETER IN 00023400
235 * THE LIST, WHICH MUST BE ON A DOUBLE-WORD TO BE CONTIGUOUS 00023500
236 * WITH THE SECOND PARAMETER. 00023600
237 * 00023700
238 * NOTICE WHAT HAPPENS IN THE FOLLOWING EXAMPLE, WHEN 00023800
239 * THE DOUBLE-WORD ALIGNMENT IS NOT FORCED BY THE PROGRAMMER. 00023900
240 * ....................................................................................  000240CO

00003A 0000
00003C 00000006 241 LIST DC F* 6 * 0002410C
000040 00000008 242 DC F' 8 ' 00024200
000044
000048

00000000
0000000000000000 2 43 DC D'0' , * 00024300

oo

2 45 *+ + + + + 4-+ + + + + + + + + + + + + + + + + + + + + ■»-+ + + + + + + + -H- + + -H-+ + + ♦+ + + + + + + + + + -M-+ + -M-+++-M- + + +
246 * NOTICE THAT THERE WAS PADDJLNJG GENERATED BETWEEN THE
247 * FULL-WORD *6 * AND THE. DOUBLE-WORD ' 0 1 BECAUSE WE DIDN'T HAVE
248 * THE FORE-SIGHT TO TAKE A LITTLE PRECAUTIONARY MEASURE LIKE
249 * A *• DS OD .
2 50 * +++ + 4- + + + + 4- +++++ + + ++-H-+++++ + + -H-+++++++ + + + + + + + + +++ + + + + +++ +■ + ++++++++++++ +

00024500 
00024600 
C0024700 
00024800 
00024900 
0002 5000

000050
000050 000000G600G00008 
000058 000000GOGO000000 
000060

252 QUESTION 8 . 6  *****.***********#****###***#****£
2 53 *
254 * OK. SO MUCH FOR ALIGNMENT CONSIDERATIONS, WE HAVE TO PASS
255 * THE PARAMETERS TO THE SUBROUTINE, USING THE SPECIFICATIONS
256 * SUPPLIED. WRITE THE CODE NECESSARY TO PASS THE PARAMETERS
257 * IN THE FOLLOWING LIST TO THE SUBROUTINE.
258 *
2 59 ^ £
260 *
261 *
262 *
2 63 * *#£#*###############£*£###❖##### *#❖#❖########£'C ###£#£#£#
264 PARMLIST DS OD
265 DC F'6 ,8 '
266 DC D'0'
267 MAINLINE EQU *

00025200 
00025300 
00025400 
00025500 
00025600 
00025700 
00025800 
00025900 
00026000 
00026100 
00026200 
00026300 
00026400 
00026500 
00026600 
00026700
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LOC OBJECT CODE ADDR1 ADDR2 STMT

269

SOURCE 

* ....... .

STATEMENT F08APR70 9/17/70

00026900
270 * 00027000
271 * ANSWER 8 . 6 00027100
272 * 00027200
273 * YOU SHOULD HAVE WRITTEN EITHER: 00027300
274 * 00027400

000060 4110 C 048 00050 275 LA R1,PARML1ST 00027500
276 * 00027600
277 * OR ELSE: 00027700
278 * 00027800

000064 5810 C064 0006C 279 L Rl,ANADCON 00027900
000068 47F0 C068 00070 280 B ANADCON+4 00028000
00006C 00000050 281 ANADCON DC AC PARML1ST) 00028100

282 * 00028200
283 * REMEMBER THAT THIS WAS A 1 CALL-BY-VALUE• OPERATION, SO WE 00028300
284 * WANTED TO PASS THE «ADDRESS' OF THE PARAMETERS, RATHER 00028400
285 * THAN THE PARAMETERS THEMSELVES. 00028500
286 * ........ 00028600

2 88 *--------—  --- — *---- — ----------------------------------- ------------------------ —  0002 8 800
289 * ALL RIGHT, WE HAVE SET UP THE PARAMETERS THAT THE ROUTINE 00028900
290 * REQUIRES FOR INPUT, NOW WE HAVE TO GET TO THE ROUTINE AND 00029000
291 * BACK WITH THE ANSWER. AGAIN WE WILL USE STANDARD LINKAGE 00029100
292 * CONVENTIONS. 00029200
293 *------------------------------- -------------------- -— ------------------------------  00029300

- '
295 ************************ QUESTION 8.7 ********************************* 00029500
296 * 00029600
297 * WRITE THE CODE NECESSARY TO LINK TO THE SUBROUTINE. 00029700
298 * 00029800
299 * FOLLOW STANDARD LINKAGE CONVENTIONS. 00029900
300 * 00030000
301 *********************************************************************** 00030100
302 * 00030200
303 * ' 00030300
304 * 00030400
305 * 00030500
306 * 00030600
307 *********************************************************************** 00030700



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 8

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

309
310

* ......
* ANSWER 8.7

311 *
312 * YOU SHOULD HAVE WRITTEN SOMETHING WHICH CLOSELY RESEMBLES
313 * ONE OF THE FOLLOWING:
314 *

000070 58 FO C0E8 OCOFO 315 L R15, = V(E XPONENT) £££££££££££££££££££££££££££££££££££
000074 05FF 316 BALR R 14,R 15 £ REMEMBER, CONVENTION REQUIRES £

317 * £ THAT WE SET UP THE SUBROUTINE'S £
318 * OR ELSE, £ ENTRY ADDRESS IN REGISTER 15, £
319 * £ AND THE RETURN POINT TO OUR £

000076 58F0 C078 00080 320 L R15,AVCON £ PROGRAM IN REGISTER 14. £
000 07 A 05 EF 321 BALR R 14,R 15 £££££££££££££££££££££££££££££££££££
C0007C 47F0 C07C 00084 322 B AVCON+4
000080 OOOOOQCO 323 AVCON DC V(EXPONENT)

324- *

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351

*  -H- «M- + + +■ + + 4- -I- «M- +• + -M- + -I- + + 4- + + + + -I- + + + + + 4- + + + + 4- 4- 4- 4- 4- 4- + 4- 4- 4- 4- 4- + + 4- 4-4- 4- 4- 4- 4- 4- 4- 4- 4- -I- -I- + 4- 4- 4- 4- 4-
*
* OF COURSE YOU COULD NOT SUCCESSFULLY WRITE:
*
* LA R1 5, EXPONENT
*
* BECAUSE EXPONENT" IS AN EXTERNAL NAME, NOT RESOLVABLE AT
* ASSEMBLY TIME.
*
* NOR COULD YOU WRITE:
*
* ' LA R15,EXPONENT
* EXTRN EXPONENT
*
* BECAUSE, IN THIS FORM, ’ • EXPONENT * 1 IS NOT RESOLVABLE USING
* ANY KNOWN BASE OR ANY CALCULABLE DISPLACEMENT. ( IF THAT
* DIDN'T MAKE ANY SENSE, IT'S INSTRUCTOR BUGGING TIME..)

* ANYWAY, HAVING SUCCESSFULLY GOTTEN TO THE SUBROUTINE, WE WANT
* TO VERIFY THAT THÉ ROUTINE FUNCTIONED PROPERLY BEFORE WE
* GO AHFAD AND USE THE DATA THAT WAS RETURNED TO US.
*
* REMEMBER THAT THE SUBROUTINE RETURNED A CODE TO INFORM US
* OF THE RELATIVE SUCCESS OF THE OPERATION. IT WOULD BE WISE TO
* TEST IT AT THIS TIME.
*4-4-4-4-4-4-4-4- 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 4-4- + + + + + 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 4- 4-4-4-4-4-4-4-

353 #:{£************** ******** QUESTION 8 .8  *********************************
354 * WRITE THE NECESSARY CODE TO TEST FOR SUCCESSFUL COMPLETION.
355 * YOU SHOULD CAUSE A PROGRAM CHECK IF UNSUCCESSFUL EXECUTION
356 * OCCURRED, OR CONTINUE EXECUTION OF THE DATA IS VALID.
357 ***********************************************************************
358 *
359 *
360 *
3 61 **** ***************************************************** **************

9/17/70

00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200
00032300
00032400

00032600
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00034000
00034100
00034200
000343C0
00034400
00034500
00034600
00034700
00034800
00034900
00035000
00035100

00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100



SUBROUTINE WORK PROJECT NUMBER ONE PAGE 9

LOC OBJECT CODE ADDR1 ADDR2 STMT

363

SOURCE STATEMENT

* ......................................................................

F08APR70 9/17/70

3 64 * ANSWER 8 .8 00036400
365 * 00036500
366 * YOU COULD HAVE WRITTEN EITHER OF THE FOLLOWING: 00036600
367 * 00036700

000084 12 FF 368 LTR R15, R15 00036800
000086 4780 C084 0008C 3 69 BZ «+6 00036900
00008A 0000 370 DC H' 0' 00037000

371 * 00037100
372 * OR SOMETHING APPROXIMATING: 00037200
373 * 00037300

00008C 59F0 COEC 000F4 374 C R15,=F'0' 00037400
000090 4780 C08E 00096 375 BE *+6 00037500
000094 0000 376 DC H' 0' 00037600

377 * . .. .

000096 0000 3 79 DC H * 0' * * * THIS WILL GET US A DUMP JUST TO SEE IF THE 00037900
380 * * * * SUBROUTINE REALLY WORKS 00038000
381 * * * * CHECK THE ANSWER IN THE DUMP TO BE SURE 00038100
382 * * * * THAT IT DID WORK. 00038200

000098 58DD 0004 00004 383 L R13,4(R13) 00038300
00009C 98EC DOOC OOOOC 384 LM R14,R12,12(R13) RESTORE MY CALLER'S REGISTERS. 00038400
OOOOAO 07FE 385 BR R 14 AND GO ON HOME.... 00038500

387
388
389
390
391
392
393
394
395

*
* NOW THAT YOU HAVE BECOME FAMILIAR WITH THE METHOD OF USING
* SOMEONE ELSE'S CODE, APPLY WHAT YOU HAVE JUST LEARNED BY
* DOING THE LAB PROJECT ENTITLED 'THE CURRENT - POWER PROBLEM'
* LOCATED IN YOUR LAB GUIDE.
* GOOD LU CK.....
*
* S88&SS&C£ & £ £ £ & £ & £ £ & £ & £ & £ & & & & & & £ &

00038700
00038800
00038900
00039000
00039100
00039200
00039300
00039400
00039500

0000A4 397 SAVEAREA DS 18F 00039700



EXPONENTIATION SUBROUTINE..Y I TO THE J— POWER PAGE 10

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

0000F8

ro

399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423 
4 24 
42 5 
42 6
427
428
429
430
431
432
433
434

it*************
EXPONENT CSECT
*************************** ******************************5}
*

THIS SUBROUTINE WILL RAISE A FIXED POINT INTEGER VALUE ■I' 
TO A FIXED POINT INTEGER VALUE 'J' AND RETURN THE NEW VALUE 
IN A DOUBLE WORD ■Y ' .

THE SUBROUTINE USES STANDARD LINKAGE CONVENTIONS, AND USES 
PARAMETERS OF THE FOLLOWING FORM...

GENERAL REGISTER 1 ADDRESSES A LIST OF THREE CONSTANTS 
TWO OF WHICH ARE FULL-WORDS, AND THE LAST OF WHICH IS A 
DOUBLE-WORD, LOCATED ON A DOUBLE-WORD BOUNDARY. THESE WILL 
CONTAIN THE VALUES 'I', 'J' AND •Y 1 RESPECTIVELY, WHERE 1Y ' 
EQUALS *1* RAISED TO THE •J ' POWER. I.E.:

—  ---------------+
' Y— ----------Y ' |
— ----------- +

16
----  MUST BE ON A

BOUNDARY.

+---------+
1 +— +-

+—  
>1 •I» 1 • J * 1

REG. 1 0 4 8
D<- DOUBLE-WORD

ON RETURN, REGISTER 15 WILL CONTAIN A CONDITION CODE WHICH 
INDICATES THE SUCCESS OF THE OPERATION. IT WILL CONTAIN ONE 
OF THE FOLLOWING VALUES.••

8 —

OPERATION WAS SUCCESSFUL
THE VALUE OF THE EXPONENTIATION EXCEEDED ONE

REGISTER, THE RESULT MAY BE INCOMPLETE. 
ONE OF THE INPUT PARAMETERS WAS LOCATED ON OTHER 

THAN THE REQUIRED BOUNDARY, NO 
EXPONENTIATION WAS ATTEMPTED.

********* NOTE: YOU MAY IGNORE THE REST OF THIS SUBROUTINE, AS IT IS 
* NOT PERTINENT TO THE COMPLETION OF THIS PROJECT.
***********************************************************************

00039900 
00040000 
00040100 
00040200 
00040300 
00040400 
00040500 
00040600 
00040700 
00040800 
00040900 
00041000 
00041100 
00041200 
00041300 
00041400 
00041500 
00041600 
00041700 
00041800 
00041900 
00042000 
00042100 
00042200 
00042300 
00042400 
G0042500 
00042600 
00042700 
C0042800 
00042900 
00043000 
00043100 
00043200 
00043300 
00043400

000005 436 I EQU 5 INTEGER VALUE •I' 00043600
000006 437 J EQU 6 EXPONENT VALUE 1J • 00043700
000008 438 Y EQU 8 REGISTERS 8 8 9 CONTAIN 1Y ■ 00043800

0000F8 90 EC DOOC OOOOC 440 STM 14,12,12(13) SAVE CALLER'S REGISTERS 00044000
OOOOFC 05C0 441 BALR 1 2 ,0 ESTABLISH ADDRESSABILITY 00044100
OOOOFE 442 USING * ,1 2 CLUE THE ASSEMBLER IN ON IT. 00044200
OOOOFE 41 FO C06E 0016C 443 LA 15,SAVEAR 2 STANDARD 00044300
C00 102 50FD C008 00008 444 ST 15,8(13) SAVE 00044400
000106 5 ODF 0004 00004 445 ST 13,4(15) AREA 00044500
00 01 0A 18 DF 446 LR 13,15 CHAINING 00044600
00010C D7 03 DG08 DG08 00008 00008 447 XC 8(4,13),8(13) CONVENTIONS. 00044700
000112 1BFF 448 SR 15,15 SET RETURN CODE = 0 00044800



EXPONENTIATION SUBROUTINE.•Y = I TO THE J-POWER. PAGE 11

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

000114 1821 450 LR 2 ,1 SAVE PARAMETER LIST ADDRESS. 00045000
000116 8910 00 1D 0001D 451 SLL 1,29 SHIFT OUT ALL BUT LOW ORDER 3 BITS 00045100

452 * OF PARAMETER LIST ADDRESS 00045200
C 0 0 11A 1211 453 LTR 1, 1 IF THE PARAMETER LIST WAS NOT ON A 00045300
00011C 4770 C04C 0014A 454 BNZ RETC0DE8 DOUBLE-WORD BOUNDARY, RETURN AN ERROR CD. 00045400
000120 9856 2000 00000 455 LM I,J,0(2 ) GET VALUES OF * I* AND •J* 00045500
000124 1255 456 LTR I,I IF •I • = 0, RETURN RESULT OF ZERO 00045600
000126 4780 C06 2 00160 457 BZ YEQUALSO Ö0045700
0 0 01 2A 1B88 458 SR Y , Y INITIALLY SET THE VALUE 00045800
00012C 4190 0001 C0C01 459 LA Y + l ,1 OF 1Y 1 TO 1 00045900
000130 1266 460 LTR J, J IF EXPONENT EQUALS ZERO, 00046000
000132 4780 C 044 00142 461 BZ RETURN1 RETURN A VALUE OF 1 00046100

463 * 00046300
464 * THIS PART OF THE ROUTINE DOES ALL THE DIRTY WORK OF 00046400
465 THE EXPONENTIATION. 00046500
466 * 00046600

000136 1C85 467 RAISE MR Y, I RAISE •I 1 TO THE *J»-TH POWER 00046700
000138 1288 468 LTR Y,Y TEST FOR VALUE IN EXCESS OF 32 BITS. C0046800
00013 A 4770 CC5G 0C-14E 469 BNZ R ETC0DE4 FOUND, SET RETURN CODE = 4. 00046900
00C13E 4660 C 03 8 00136 470 BCT J,RAISE NO OVERFLOW, CONTINUE WITH EXPONENTIATION 00047000

000142 472 RETURN1 EQU ❖ 00047200
000142 9089 2008 00008 473 ST^ Y,Y+l,8(2) RETURN VALUE OF * Y * 00047300
000146 47F 0 C 054 00152 474 B RETCGDEO AND RETURN A CODE OF ZERO 0004740C

00014A 41FF 0004 00004 476 RETC0DE8 LA 15,4(15) SET RETURN CODE TO 8 00047600
0 0 014 E 41FF 0004 00004 477 RETC0DE4 LA 15,4(15) SET RETURN CODE TO 4 00047700
000152 5 8DD 0004 00004 478 RETCODEO L 13,4(13) 00047800
000156 5 8ED OOOC OOOOC 4 79 L 14,12(13) RESTORE 14 00047900
00015A 980C D014 00014 480 LM 0,12,20(13) RESTORE REMAINING REGISTERS 00 C48000
00015E 07FE 481 BR 14 RETURN TO USER 00048100

000160 D707 2008 2008 00008 00008 483 YEQUALSO XC 8 (8 ,2 ),8(2 ) SET •Y • EQUAL TO ZERO 00048300
000166 47F 0 C 054 00152 4 84 B RETCODEO RETURN A CONDITION CODE OF ZERO 00048400

00016C 486 SAVEAR2 DS 18F 00048600
000000 487 END SUBRTN01 00048700
OOOOFO 00000000 488 =V(EXPONENT)
0000F4 00000000 489 = F * 0 *



RELOCATION DICTIONARY PAGE 1

POS.ID REL.ID

01 01
01 02
01 02

FLAGS ADDRESS

OC 00006C
1C 000080
1C OOOOFO

9/17/70



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES 9/17/70

ANADCON 00004 00006C 00281 0279 0280
ANSWER 00008 000028 00204
AVCON 00004 000080 00323 0320 0322
EIGHT 00004 000024 00203
EXPONENT 00001 0000F8 00399
I 00001 000005 00436 0455 0456 0456 0467
J 00001 000006 00437 0455 0460 0460 0470
LIST 00004 00003C 00241
MAINLINE 00001 000060 00267 0162
PARMLIST 00008 000050 00264 0275 0281
RAISE 00002 000136 00467 0470
RBASE 00001 OOOOOC 00003 0109 0110 0114 0115
RETCODEO 00004 000152 00478 0474 0484
RETC0DE4 00004 00014E 00477 0469
RETCODE8 00004 00014A 00476 0454
RETURN1 00001 000142 00472 0461
RX 00001 OOOOOF 00004 0158 0160 0161
RO 00001 000000 00005
R 1 00001 000001 00006 0275 0279
RIO 00001 OOOOOA 00013
R 11 00 001 GQGOOB 00014
R 12 00001 OOOOOC 00015 0058 03 84
R 13 00001 OOOOOD 00016 0058 0159 0160 0161 0383 0383 0384
R 14 00001 OOOOCE 00017 0058 0316 0321 0384 0385
R 15 00 001 OOOOOF 00018 0315 0316 0320 0321 0368 0368 03 74
R2 00001 000002 00007
R3 00001 000003 00008
R4 00001 000004 00009
R5 00001 000005 00010
R 6 00001 000006 00011
R7 00001 000007 00012
SAVEAREA 00004 0000A4 00397 0158 0159
SAVEAR2 00004 00016C 00486 0443
SIX 00004 000020 00202
SOMENAME 00008 000020 00201
SUBRTNOl 00001 000000 00002 0115 0487
Y 00001 000008 00438 0458 0458 0459 0467 0468 0468 0473 0473
YEQUALSO 00006 000160 00483 0457

NO STATEMENTS FLAGGED IN THIS ASSEMBLY 
^STATISTICS* SOURCE RECORDS (SYSIN) = 487
*OPTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55

544 PRINTED LINES



F44-LEVEL LINKAGE EDITOR OPTIONS SPECIFIED MAP,LET,LI ST,NCAL
VARIABLE OPTIONS USED - SIZE=(45056,6144)- DEFAULT OPTION(S) USED

IEWOOOO ENTRY UTILITY

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME

SUBRTN01 00 F 8
EXPONENT F8 BC
UTILITY 1B8 5A0

PRINT 21A PC HKRETN 476

ENTRY ADDRESS 1B8
TOTAL LENGTH 758

DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

LOCATION



F .P . REGS . 0D.60E900 00000042 F4.1742 78 987026OF

PEGS 0-7 FFFFFF2 E 0005F8F8 0001DC4C 00000000
PEGS 8-15 0001DC 30 00000000 0001DC5 8 00000000

00.000008 00000000 0 0 .0 0 0 0 0 0 00000000

00015110 000153C0 0001D7C0 000169E0 
6F05F8B0 0005F94C 4F05F924 00000000

000000 OOOCOGOG GOOOOOCO 00000000 00000000 0005F8A8 00000000 FF060000 80000000 * ,
000020 00040003 50006A3 E F FD50001 4F05F940 OOOOFFOO 00000000 FFG40233 A000C54A *. .
000040 00000000 04000000 00001468 00005920 083D5600 0000996C 00040000 OC007498 * . . , # # *
000060 0 C 0 4 0 0 0 u 00007BC8 00040000 00007588 00000000 00012D10 0004000C 0000751A * . « ,... *

05F8A0 A0E1A0E0 9240A1BE 90ECD0GC 05C005C0 41F0C09C 50D0C0A0 50FD0008 18DF47F0 * • .
05F8C0 C 05 88 056 41DD0008 00000006 00000008 00000000 00000000 00000006 00000 OC8 * ,
05F8E0 07000000 00000 006 00000008 00000000 COOOOOOC 00000000 00000006 00000008 * . ,
C5P900 00000000 0019A 100 411OC 048 5810C064 47F0C068 Ü005F8F8 58F0C0E8 05EF58F0 * . . 00COo
05F920 C07805EF 47F0C07C 0005F9A0 12FF4780 C 0840000 59F0C0EC 4780CC8E 0 0 0 0 G 0 0 0 * . , . „ , . ❖
G 5 F 94 0 5 8DD0004 98ECD00C 07FEC000 9 53 A4 74 0 G006BF68 0005FA14 4F05F924 0005F9AC * • .
05F960 FFFFFF2E QC05F8F8 0001DC4C cooooooo 00015110 000153C0 0001Ü7C0 000169EC * • «
05F980 0001DC30 00000000 0001DC 5 8 00000000 6F05F8B0 80564740 0005F9A0 00000000 * • «
05F9A0 9 OECD00C 05C041F0 C06E50FD 000850DF C0C418DF D703D008 D0081BFF 18218910
05F9C0 001D1211 4770C04C 98562000 12554780 C0621B88 41900001 12664780 C0441C85 * . , ,... *
0 5 F 9 F 0 12884770 C05G4660 CO 389089 200847F0 C0544IFF 000441FF 000458DD 0G0458ED
05F A 0 0 0 Q0C980C D01407FE D7072008 2 00847F0 CO549104 70044710 0005F94C OOOOOGOG # i , . .
05FA20 C 027 05EF D203C024 94FE910C 80564740 946AD503 701494FE 47809470 58FG94DE
0 5F A4 0 07FF58F0 94E605EF 48BCA000 41A0A002 90ABC024 185D58D0 C03441DO D00058FO ^ # ,
0 5 F A 6 0 90ECD0CC 05C0Ü4F0 07004110 C0100511 0F05FB04 7FFF0A0E 58BC0010 9110B074 *. , , . .. *

060020 4 AC09ÖDE 40050000 47F095C6 486G9BEF 8A600001 4770969E 48609C 26 41660001 *. .

************************************************************************************************************************
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SYMBOL TYPE ID ADDR LENGTH LD ID
EXTERNAL SYMBOL DICTIONARY PAGE 1 

12.08 9/17/70

BRANCHES SD 01 OOGOOO 000232 
PCHKRETN ER 02



1BRANCHING AND SWITCHING WORK PROJECT. PAGE 1

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

000000 2 BRANCHES CSECT 00000200
000000 90EC DC CC OOOOC 3 STM 14,12,12(13) SAVE THE CALLER'S REGISTERS 00000300
000004 05C0 4 BALR 1 2 ,0 ESTABLISH THE PROGRAM BASE REGISTER 00000400
000006 5 USING * , 1 2 TELL THE ASSEMBLER ABOUT IT 00000500
000006 41 FO C1D2 001D8 6 LA 15,BRSAVE MY SAVE AREA ADDRESS 00000600
00000A 50DF 0004 00004 7 ST 13,4(151 BACKWARD CHAIN 00000700
OOOOOE 50FD 0008 00008 8 ST 15,8(13) FORWARD CHAIN 00000800
000012 18DF 9 LR 13,15 ESTABLISH MY SAVE AREA 00000900
000014 D70 3 D008 D008 Ou 008 00008 10 XC 8(4,13),8(13) TERMINATE THE FORWARD CHAIN 00001000

11 * AT THIS POINT, STANDARD ENTRY CONVENTIONS ARE COMPLETE. 00001100
12 PRINT OFF A LITTLE SLEIGHT OF HAND... 00001200

00002 E 47FC C 19 E 001A4 19 B LOCATION SKIP ALL THE OTHER CODE (ILLUS.ONLY) 00C01900 !

8



BRANCHING AND SWITCHING WORK PROJECT PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

21 * 
22 *
23 *
24 *

******************** JÉ*************************** 00002100
* BRANCHING AND SWITCHING WORK PROJECT 1. * 00002200
*  ------------------------------------------- . —  * 00002300
************************************************ 00002400

NJ

26 * + + + + + + + + + + + + ++-M-++ + + ++ + + + + + + + -M- + -M- + + + 4- + + + 4- 4-4- 4-4-4-4-4-4-4-4-4-4-4- 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-
27 * THIS PROJECT CONTAINS EXAMPLES OF THE «LOGICAL' INSTRUCTIONS *
28 * (AND, OR, EXCLUSIVE OR, AND TEST), SHOWING THE WAY IN WHICH
29 * THEY MAY BE USED TO MANIPULATE '«LOGICAL PROGRAM SWITCHES".
30 *
31 * IT ALSO CONTAINS EXAMPLES OF THE VARIOUS BRANCH INSTRUCTIONS,
32 * SHOWING SOME OF THE WAYS THEY MAY BE USED TO CONTROL PROGRAM
33 * LOGIC FLOW.
34 *
35 * -—  NOTE   THE EXAMPLES CONTAINED HEREIN ARE NOT INTENDED
36 * TO CONSTITUTE ANY COMPLETE PROGRAM. RATHER, THEY ARE MERELY
37 * DISCRETE CODING SAMPLES, AND DO NOT NECESSARILY RELATE TO
38 * ANY OF THE OTHER EXAMPLES IN THE PROJECT.
39 * BECAUSE OF THIS, EACH SHOULD BE EXAMINED SEPARATELY
40 * AND ALL QUESTIONS CONCERNING ANY SINGLE EXAMPLE SHOULD BE
41 * COMPLETED (AND THEIR ANSWERS UNDERSTOOD! BEFORE GOING ON TO
42 * THE NEXT EXAMPLE.
43 * IF YOU DON'T UNDERSTAND, BUG YOUR INSTRUCTOR FOR AN ANSWER,
44 * THAT'S WHAT HE GETS PAID FOR...
45 *
46 * FIRST, A BIT OF PRELIMINARY INFORMATION. THROUGHOUT THIS
47 * SECTION, WE'RE GOING TO BE USING THE 4-BYTE 'NO-OPERATI O N '
48 * INSTRUCTION, WHICH IS A BRANCH HAVING A CONDITION MASK OF
49 * ZERO, WHICH MEANS THAT NO BRANCH WILL EVER BE MADE WHEN THE
50 * INSTRUCTION IS EXECUTED. DOESN'T SOUND TOO USEFUL ?? WELL,
51 * JUST WAIT AND SEE. ..
5 2  *  -I- + -H- + + + + + + + + + 4-4-4-4-4-4-4- + + 4- 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 4- 4-4*4- 4-4-4-4-4-4-4- 4-4-4-4-4-4-4-4-

00002600
00002700
00.002800
00002900
00003000
00003100
00003200
00003300
00003400
00003500
00003600
00003700
00003800
00003900
00004000
00004100
0C0042Ö0
00004300
00004400
00004500
00004600'
00004700
00004800
00004900
00005000
00005100
00005200



BRANCHING AND SWITCHING WORK PROJECT PAGE 3

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR 70

54 *
55 *
56 *
57 *
58 *
59 *
60 * 
61 * 
62 *
63 *
64 *
65 •*

LET US FIRST CONSIDER THE MEANING OF THE TERM •SWITCH* AS 
APPLIED TO PROGRAMMING.

OF COURSE, YOU ARE FAMILIAR WITH AT LEAST ONE FORM OF SWITCH, 
THAT OF A LIGHT SWITCH, WHICH ROUTES THE FLOW OF ELECTRIC 
CURRENT EITHER TO THE LIGHT BULB, OR TO NOWHERE, DEPENDING 
UPON THE SETTING OF THE SWITCH.

SIMILARLY, IN PROGRAMMING, A SWITCH IS AN INSTRUCTION WHICH 
ROUTES THE FLOW OF INSTRUCTION EXECUTION ONE WAY OR ANOTHER, 
DEPENDING ON THE CURRENT SETTING OF THE •PROGRAM SWITCH*.

66 *
67 * THE MOST BASIC FORM OF SWITCH IS THE BRANCH INSTRUCTION
68 * WHOSE CONDITION MASK IS DYNAMICALLY ALTERED AT PROGRAM
69 * EXECUTION TIME. CONSIDER THE FOLLOWING EXAMPLE:
70 *

000032 4700 C038 0003E 71 SWITCH BC 0,DONTDOIT 1
000036 96F0 C02D 0G033 72 01 SWITCH+1,X» F O ' 2
00003A 47F0 C02C 00032 73 B SWITCH 3
00Q03E 940F C02D GG033 74 DONTOOIT NI SWITCH+1,X* OF * 4

75 *

7 7 ************************ QUESTION 9.1 ********************************
78 * USING THE NUMBERS WHICH APPEAR IN THE COMMENTS FIELDS
79 * IN THE EXAMPLE ABOVE, DETERMINE THE ORDER OF EXECUTION
80 * OF THE INSTRUCTIONS IN THAT EXAMPLE. ASSUME THAT «SWITCH*
81 * IS EXECUTED FIRST. WRITE YOUR ANSWER BELOW BEFORE GOING
82 * ON TO THE NEXT PAGE.
83 ****$*#*#**««**********************************************************
8 4 *
85 *
86 *
87 ****************************************************************$******

00005400
00005500
00005600
00005700
00005800
00005900
00006000
0C006100
00006200
00006300
00006400
C0006500
00006600
00006700
00006800
00006900
00007000
00007100
00007200
00007300
00007400
00007500

9/17/70

00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00008500
00008600
00008700



BRANCHING AND SWITCHING WORK PROJECT PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

89 * ...........................................      00008900
90 * ANSWER 9.1 t 00009000
91 * 00009100
92 * THE INSTRUCTIONS WILL EXECUTE IN THE SEQUENCE: 1,2,3,1»4. 00009200
93 * 00009300
94 * THIS IS TRUE BECAUSE THE THIRD INSTRUCTION CHANGES THE MASK 00009400
95 * OF •SWITCH* » CAUSING IT TO BRANCH THE SECOND TIME IT IS 00009500
96 * EXECUTED. THE INSTRUCTION NUMBERED '4' RESETS THE MASK TO IT'S 00009600
97 * ORIGINAL CONDITION. 00009700
98 * .............    000C9800

100 ************************* QUESTION 9.2 ********************************
101 * REMEMBERING WHAT YOU HAVE JUST SEEN» LOOK AT THE FOLLOWING
102 * EXAMPLE AND LIST THE ORDER IN WHICH THE INSTRUCTIONS WILL
103 * BE EXECUTED.
104 * ASSUME THAT * SWITCH2' WILL BE EXECUTED FIRST.
105 ****#*##*#$#** ##**#*#**#****#*#***#****#:£*********#$:****##*#**#**####*# 
106 *
107 *
108 *
l 09 JÉ**********************************************************************

000042 47F 0 C 044 0004A 110 SWITCH2 BC 15» BYPASSIT 1
000046 47 FO C04C Q0052 111 B BEGONE 2
00004A 97 FO C03D 00043 112 BYPASSIT XI SWITCH2+1,X'F0' 3
00004E 47F0 C03C 00042 113 B SWITCH2 4
000052 114 BEGONE EQU * 5

0 0010000
00010100
000102Ö0
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
0 0 0 11200
00011300
00011400



BRANCHING AND SWITCHING WORK PROJECT PAGE 5

LOC OBJECT CODE ADDR1 ADDR2

116 * ............................................................................................................. .........................
117 * ANSWER 9.2
118 *
119 * THE INSTRUCTIONS WILL EXBCUTE IN THE ORDER 1,3,4,1*2,5
120 *
121 * THIS IS TRUE BECAUSE THE EXECUTION OF «BYPA-SSIT» WILL
122 * CHANGE •SWITCH2• TO A ««NOP»« INSTRUCTION AND THE SECOND
123 * TIME THAT IT C SWITCH21 IS EXECUTED, WE FALL THROUGH INTO
124 * THE BRANCH TO «BEGONE».
125 * ......................................... .........................................

STMT SOURCE STATEMENT FG8APR70

00011600
00011700
00011800
00011900
00012000
00012100
00012200
00012300
00012400
00012500

9/17/70

127 * + + + + +♦ -1- -1- + + 4- + + 4- 4- 4- 4- 4* 4-4-4-4- 4- 4-4-4* 4- 4- 4-4- 4-4- 4-4- 4- 4-4- 4- 4-4- 4-4- 4- 4-4» 4- 4- 4-4-4-4-4-4- 4-4- + 4-4- -I- 4-4-4-4-4» 4-4- 00012700
128 * AN INSTRUCTION WHICH IS IDEALLY SUITED TO THIS KIND OF 00012800
129 * OPERATION IS THE ONE CALLED 'TEST AND SET', WHICH SETS THE 00012900
130 * TESTED BYTE OF STORAGE TO X*FF« AND SETS THE CONDITION CODE 00013000
131 * BASED UPON THE VALUE OF THE BYTE BEFORE THE •T S « INSTRUCTION 00013100
132 * WAS EXECUTED. 00013200
133 * 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4» 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 00013300

000052 9300 C 06 0 00066 134 TESTSSET TS BYTEO 1 00013400
000056 4740 C 05 8 0005E 135 BC 4,WALKONBY 2 00013500
00005A 47 FO C04C 00052 136 B TEST3SET 3 00013600
00005E 9400 C060 00066 137 WALKQNBY NI BYTEO,0 4 00013700

m  000062 
000066

47F0 C072 00078 138 B EXAMPLE 1 5 00013800
00 139 BYTEO DC X«QO« 00013900

141 **************************** QUESTION 9.3 *****************************
142 * WHAT WILL BE THE EXECUTION SEQUENCE OF THE PRECEEDING CODE??
1 43 ********************************* ************************* *************
144 *
1 4 5  ***********************************************************************

00014100
00014200
00014300
00014400
00014500

?
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

147 * ..............................      00014700
148 * ANSWER 9.3 00014800
149 * 00014900
150 * THE INSTRUCTIONS WILL EXECUTE IN THE ORDER: 1,2,3*1,2,4,5. 00015000
151 * 00015100
152 * THE FIRST TIME THE 'TS' IS EXECUTED, IT MAKES 'BYTEO' EQUAL 00015200
153 * X •FF*, BUT SINCE BITO OF 'BYTEO• WAS A '0*, THE CONDITION 00015300
154 * CODE = 8 ,  SO WE DON'T BRANCH AT INSTRUCTION # 2. ON THE NEXT 00015400
155 * EXECUTION OF THE 'T S ', THE CONDITIONS ARE REVERSED, AND WE 00015500
156 * DO BRANCH TO 'WALKONBY'• 00015600
157 *------ ----- ---------------------------------- x---------- ------------x--------------  00015700

5?
000067 00
000068 97F0 CG67 
00006C 4700 C082

00007C 97F0 C06F 
000074 47F0 C082

159 * --------------------------- -—  ---------------------------------- -— :r------------- 00015900
160 * 00016000
161 * THE FOLLOWING TWO SAMPLES ARE SIMILAR TO THE TWO YOU WERE 00016100
162 * JUST QUESTIONED ABOUT IN QUESTION 9.2, BUT NOTICE THAT THEY 00016200
163 * USE THE 'EXCLUSIVE OR' INSTRUCTION TO ALTERNATE THE 00016300
164 * CONDITION MASK IN THE SWITCH FROM 0 TO 15 AND BACK TO 0. 00016400
165 * 00016500
166 * THIS EXAMPLE CAUSES A BRANCH EACH ODD-NUMBERED TIME THAT 00016600
167 * IT IS EXECUTED, ASSUMING OF COURSE, THAT THEY ARE BRANCHED 00016700
168 * AT A LATER DATE. 00016800
169 * 00016900

0006D 170 0PCDSW1 XI *+5,X'F0' 00017000
00088 171 BC 0,ADDRESS 00017100

172 * 00017200
173 * AND THIS ONE BRANCHES EVERY EVEN-NUMBERED TIME. 00017300

 ̂ 174 * 00017400
00075 175 0PCDSW2 XI *+5,X'F0« 00017500

00088 176 BC 15,ADDRESS 00017600
177 * 00017700
178 * 00017800
179 *- NOTICE THAT THE ONLY SIGNIFICANT DIFFERENCE BETWEEN THE TWO 00017900
180 * SAMPLES IS THE INITIAL SETTING OF THE SWITCH'S CONDITION MASK. 00018000
181 *---- ---- ------------------------ — ----------------------------- --------------------  00018100
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

000078 9706 CC72 
00007C 4770 CG82

000080 9706 C07A 
000084 4780 C082

0G078
00088

00080
00088

183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200 
201 
202 
203 
2 04 
205

* IF YOU HAVE BEEN SUCCESSFULLY FOLLOWING WHAT WE'VE BEEN
* DOING, YOU HAVE A GOOD KNOWLEDGE OF HOW WE MAY ALTER
* BRANCH INSTRUCTION'S MASK TO CREATE A " P R O G R A M  S W I T C H " .
*
* O.K. L O O K , IF YOU WILL» AT THE FOLLOWING TWO EXAMPLES.
* NOTE THAT THEY ARE SIMILAR TO THE LAST TWO IN THAT THEY
* MODIFY AN INSTRUCTION. HOWEVER, THEY MODIFY THE OPERATION
* CODE PORTION OF THE INSTRUCTION, WHERE THE PREVIOUS SAMPLES
* MOOIFIED THE BRANCH CONDITION MASK.
******** THE QUESTION GELQW IS DESIGNED TO HELP EXPLAIN THE CODE, SO
* ANSWER THE QUESTION NOW.
*
* THIS ONE WILL BRANCH ONLY THE FIRST TIME IT IS EXECUTED.
EXAMPLE 1 XI * , 6

BC 7,ADDRESS
*
* AND THIS ONE WILL BRANCH EVERY TIME BUT THE FIRST.
*

XI * , 6
BC 8,ADDRESS

*
*---------------- -------------- --------■--------------- --- ---—

00018300
00018400
00018500
00018600
00018700
00018800
00018900
00019000
00019100
00019200
00019300
00019400
00019500
00019600
00019700
0G019800
00019900
00020000
0002C100
00020200
00020300
00020400
00020500

207 ************************ QUESTION 9.4 *********************************
208 *
209 * ---  FILL IN THE BLANKS. ---
210  *
211 * ALL OF THE QUESTIONS IN THIS BLOCK REFER TO 'EXAMPLE 1• ABOVE.
212 *
213 * IN ORDER TO UNDERSTAND WHAT HAPPENED IN THE LAST TWO
214 * EXAMPLES, IT IS NECESSARY TO BE ABLE TO SEE WHAT WAS DONE
215 * TO THEIR OPERATION CODES. CONSIDER WHAT WILL BE THE
216 * RESULT WHEN WE EXCLUSIVE OR THE 'XI' OP-CODE (X'97'J
217 * WITH THE VALUE OF THE IMMEDIATE DATA IN THE INSTRUCTION
218 * (X'06M. THE CALCULATED RESULT IS X'__', WHICH IS THE
219 * OPERATION CODE FOR T H E __________________INSTRUCTION.
220 *
221 * WHEN WE EXECUTE THE RESULTING INSTRUCTION, WHICH IS:
222 *
223 * __ * , 6  (SUBSTITUTE THE MNEMONIC FOR THE YOUR LAST
224 * ANSWER IN THIS OP CODE FIELD.)
225 *
226 * WE CAN SEE THAT THE CONDITION CODE SETTING FOR THE NEW
227 * INSTRUCTION IS EQUAL TO __ AND THEREFORE, THE INSTRUCTION:
228 *
229 * BC 7,ADDRESS
230 *
231 * ---  CIRCLE THE CORRECT ONE —
232 *
233 * WILL (BRANCH/NOT BRANCH)
234 *
2 3 5  ********* ****************************************************** ********

00020700
00020800
00020900
00021 0 0 0
0 0021100
00021200
00021300
00021400
00021500
00021600
C0021700
00021800
00021900
00022000
00022100
00022200
00022300
00022400
00022500
00022600
00022700
00022800
00022900
00023000
00023100
00023200
00023300
00023400
00023500
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

3

237 * ....................................................................................  00023700
238 * ANSWER 9,4 0002380C
239 * 00023900
240 * X * 91• —  X '97• EXCLUSIVE O R •ED WITH X'06'. 00024000
241 * TEST UNDER MASK —  THE INSTRUCTION WHOSE OP CODE = X'91'. 00024100
242 * TM —  THE MNEMONIC FOR TEST UNDER MASK 00024200
243 * 0 (ZERO) —  THE CONDITION SET WHEN •• TM *,6 "  IS EXECUTED. 00024300
244 * NOT BRANCH —  BECAUSE THE MASK VALUE OF 7 WILL NOT ALLOW 00024400
245 * THE BRANCH TO BE TAKEN, SINCE BOTH BITS 5 C 6 00024500
246 * ARE ZERO IN THE OP CODE. 00024600
247 * 00024700
248 ******** WHEN YOU REACH THIS POINT, DISPLAY THE GREEN SIDE OF THE 00024800
249 * "ANSWER CUE". 00024900
2 50 * .................................................     00025000

252 *------------------------------------------------------------------------------------- 00025200
253 * 00025300
254 * THE PRECEEDING WERE HOPEFULLY INTERESTING AND WERE COMPLETELY 00025400
255 * VALID METHODS OF IMPLEMENTING 1•PROGRAM SWITCHES'*. BUT, 00025500
256 * THEY HAVE ONE MAJOR DRAWBACK, WHICH WE WILL NOW EXAMINE. 00025600
257 * 00025700
258 * IN THE SECTION ON SUBROUTINE USAGE, WE DISCUSSED SOME 00025800
259 * PROGRAM ATTRIBUTES, WHICH WE CALLED: NON-REUSABLE, 00025900
260 * SERIALLY REUSABLE, RE-ENTRANT, AND REFRESHABLE. THE EXISTENCE 00026000
261 * OF ALL 4 OF THESE WAS DETERMINED ON THE BASIS OF WHETHER OR 00026100
262 * NOT THE PROGRAMMER DID ANY DIRECT MODIFICATION OF THE 00026200
263 * STORAGE ALLOCATED TO HIS PROGRAM. 00026300
264 * 00026400
265 * IF YOU CONSIDER WHAT WE HAVE DONE IN ALL THE PRECEEDING 00026500
266 * EXAMPLES, YOU WILL NOTICE THAT EACH ONE MODIFIED NOT JUST 00026600
267 * A CONSTANT, BUT THE CODE ITSELF. AN OBVIOUS VIOLATION 00026700
268 * OF RE-ENTRANCE, AND, IF NOT PROPERLY INITIALIZED, 00026800
269 * A VIOLATION OF EVEN REUSABILITY. 00026900
270 * 00027000
271 * IF YOU DO NOT RECALL THE MEANING OF THE TERMS 00027100
272 * 'REUSABLE' AND 'RE-ENTRANT', NOW WOULD BE A GOOD 00027200
273 * TIME TO GO BACK TO THOSE NOTES YOU TOOK IN THE 00027300
274 * SUBROUTINE USAGE SECTION, OR BUG YOUR INSTRUCTOR 00027400
275 * AND HAVE HIM EXPLAIN THE CONCEPT TO YOU. 00027500
276 * ' 00027600
277 * GO AHEAD, I'LL WAIT HERE FOR YOU... 00027700
278 *----------    00027800
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

280 
281 
2 82 
2 83 
2 84
285
286
287
288
289
290
291
292 *
293 *
294 *
295 *

IN ORDER TO MAKE OUR PROGRAM 1 RE-ENTRANT•, WE WOULD HAVE 
TO GET BY WITH SOME OTHER MEANS OF MODIFYING THE PROGRAM 
SWITCH, WHICH, IN THIS CASE, CANNOT BE A STORAGE LOCATION.

SEEM LIKE AN IMPOSSIBLE TASK ? FORTUNATELY, IT IS NOT.
DEEP DOWN IN OUR BAG OF TRICKS WE FIND THE VERY VERSATILE 
EXECUTE INSTRUCTION, WHICH, AS YOU RECALL, GIVES THE 
COMPUTER THE IMPRESSION THAT WE HAVE MODIFIED AN INSTRUCTION 
ALTHOUGH WE KNOW THAT THE INSTRUCTION NEVER CHANGED.
CHANGE, LIKE BEAUTY, IS IN THE EYE OF THE BEHOLDER.
BEHOLD THEN, THE FOLLOWING EXAMPLE, WHICH IS 'SWITCH* (FROM 
QUESTION 9.1) ALL OVER AGAIN, BUT IT IS RE-ENTRANT THIS TIME.

000088 296 ADDRESS EQU *
0C0Q88 1BEE 297 SR 14, 14
00008A 18FE 298 PICKUP15 LR 15,14 1
00008C 44F0 CQA2 000A8 299 EX 15,SWITCH3 2
000090 56E0 CG9A OOOAO 300 0 14,F240 3
000094 47F0 C084 0008A 3 C 1 B PICKUP15 4
000098 54E 0 C09E 000A4 302 DCNTDOME N 14,FI 5 5
C0009C 47P0 C0A6 COOAC 303 B SWITCH3+4 6
OOOOAC OOOOOOFO 304 F240 DC F • 240'
0000A4 OOOOOOOF 305 F 1 5 DC F' 15'
0000A8 4700 C092 00098 306 SWITCH3 BC 0,DONTDOME

307 *
308 * THIS SAMPLE IS NOT INTENDED
309 * CODING EXAMPLE, BUT IT SERVI
310 * —

A PARTICULARLY GOOD 
ILLUSTRATE A POINT.

312 ************************* QUESTION 9.5 ********************************
313 * TO INSURE THAT YOU SEE THE SIMILARITY, DETERMINE THE ORDER
314 * IN WHICH THE INSTRUCTIONS IN THE EXAMPLE ABOVE WILL BE
315 * EXECUTED AND WRITE THEM BELOW BEFORE GOING ON TO THE NEXT
316 * PAGE. ASSUME THAT THE SR 14,14 IS EXECUTED FIRST, BUT DON'T
317 * WORRY ABOUT IT'S NOT HAVING A NUMBER.
318 ** ************************ ******************* * sjc ̂ t**** ******* ************
319 *
320 *
321 *
322 ***********************************************************************

00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
00029800
00029900
00030000
00030100
00030200
00030300
00030400
00030500
00030600
00030700
00030800
00030900
00031000

9/17/70

00031200
00031300
00031400
00031500
00031600
00031700
00031800
00031900
00032000
00032100
00032200
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LOC OBJECT CGDE ADDR1 ADDR2 STMT 

324 *

SOURCE STATEMENT F08APR70 9/17/70

00032400
325 * ANSWER 9.5 00032500
326 * 00032600
327 * THE INSTRUCTIONS WILL EXECUTE IN THE ORDER: 1,2,3,4,1,2,5 ,6 00032700
328 * 00032800
329 * REALIZE, OF COURSE, THAT WITH EACH EXECUTION OF THE EXECUTE 00032900
330 * INSTRUCTION, THAT THE INSTRUCTION LABELED 'SWITCH3' WAS ALSO 00033000
331 * EXECUTED. BECAUSE THE EFFECTIVE MASK WAS FIRST EQUAL TO 0 AND 00033100
332 * THEN CHANGED TO 15, THE BRANCH FIRST FAILED AND THEN WAS 00033200
333 * TAKEN THE SECOND TIME IT WAS EXECUTED. 00033300
334 * 00033400
335 * ....................................................................................  00033500

337 ************************ QUESTION 9.6 ********************************* 0C033700
338 * 00033800
339 * IN THE: FOLLOWING CODE, WHICH BYTE,('MASK1',1MASK2' OR * MASK31 ) 0003390C
340 * SHOULD I INSERT INTO REGISTER 15 IN ORDER TO BRANCH TO 00034000
341 * LOCATION 'ALOWER • ? 00034100
342 * 0G034200
343 *********************************************************************** 00034300

OOOOAC 4120 000 A 0000 A 345 LA 2 ,1 0 00034500
OOOOBO 4130 0014 00014 346 LA 3,20 ££££££££££££££££££££££££££££ 00034600

347 * IC 15, <--------£ WRITE IN THE FIELD NAME £ 00034700
000034 1923 348 CR 2,3 £ (MASK1, MASK2 OR MASK3)• £ 00034800
OGOOB6 44F0 COBC 000C2 349 EX 15,BRANCH ££££££££££££££££££££££££££££ 00034900
OOOOBA 47F0 C0C2 000C 8 350 B AHIGHER 00035000
OOOOBE 80 351 MASK 1 DC X* 80' O0C3510Ü
OOOOBF 40 352 MASK2 DC X'40' 00035200
OOOOCO 20 353 MASK 3 DC X'20' 00035300
0000C1 00
0000C2 4700 COCO ’ 000C6 354 BRANCH BC 0,ALOWER 00035400
0000C6 355 ALÜWER EQU * 00035500
0000C6 1A32 356 AR 3,2 JUST A FILL INSTRUCTION TO MAKE 00035600

357 * •ALOWER' AND 'AHIGHER' DIFFERENT 00035700
358 * LOCATIONS. 00035800

0000C8 359 AHIGHER EQU * 00035900
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3 61 * ..................         00036100
362 * ANSWER 9.6 00036200
363 * 00036300
364 * IC 151MASK2 00036400
365 * 00036500
366 * THIS SETS UP THE BRANCH TO APPEAR AS BC 4,AL0WER 00036600
367 * AND, SINCE 10 IS LOWER THAN 20,. NATURE TAKES IT'S PROPER 00036700
368 * COURSE. C0036800
369 * 00036900
370 ******** WHEN YOU REACH THIS POINT, DISPLAY THE BLUE SIDE OF YOUR 00037000
371 * "ANSWER CUE". 00037100
372 * ...................................................................................  00037200

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

0000C8 47F0 C19E 0G1A4

374 *— -
375 *
376 *
377 *
378 *
379 *
380 *
381 *
3 82 *
383 *
384 *
385 *
386 *
387 *
388 *
389 *
390 *---
391

GOOD ENOUGH, THAT CONCLUDES THE PORTION ON THE USE OF 
PROGRAM SWITCHES. THE BALANCE OF THIS PROJECT WILL BE 
DEVOTED TO ILLUSTRATIONS OF OTHER WAYS IN WHICH BRANCH 
INSTRUCTIONS ARE COMMONLY USED.

BACK IN THE PROJECT ON •'SUBROUTINE U S AG E" , WE USED A 
SUBROUTINE THAT RETURNED A CODE IN REGISTER 15 TO INDICATE 
JUST HOW SUCCESSFUL IT WAS IN FULFILLING THE JOB THAT WE HAD 
CALLED ON IT TO DO. REMEMBER ?????

IF YOU FORGOT, NOW WOULD BE A GOOD TIME TO REFRESH YOUR 
MEMORY BY GOING BACK AND TAKING A LOOK AT THE PROLOGUE 
FOR THE EXPONENTIATION SUBROUTINE.

B LOCATION BRANCH AROUND THE BXH CODE...

00037400 
00037500 
00037600 
00037700 
00037800 
00037900 
00038000 
00038100 
00038200 
00038300 
00038400 
00038500 
00038600 
00038700 
00038800 
00038900 
00039000 
00039100
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LOC OBJECT CODE ADDR1 ADDR2 STMT

"X Qd
SOURCE STATEMENT F08APR70 9/17/70

394 * GOOD, NOW THAT YOU REMEMBER THAT, REMEMBER ALSO THAT WE 00039400
395 * TESTED THE COMPLETION CODE USING SOMETHING LIKE THIS: 00039500
3 96 * 00039600

oooocc 12FF 397 LTR 15,15 00039700
OOOOCE 4770 CODC 000E2 398 BNZ PHOOEY 00039800

399 * 00039900
400 * THE PROBLEM WITH THIS METHOD OF TESTING IS THAT IT HAS NO 00040000
401 * WAY OF DISTINGUISHING THE DEGREE OF FAILURE THAT OCCURRED 00040100
402 * WHEN WE USED THE SUBROUTINE. 00040200
403 * 00040300
404 * O.K., YOU MIGHT SAY, WE COULD USE A COMPARISON OPERATION 00040400
405 * AND TEST THE VALUE OF THE RETURN CODE. CONSIDER: 00040500

OOOOD2 59F0 C21A 00220 406 C 15 »=F* 0* 00040600
OOOOD6 4780 C 120 00126 407 BE GOODASAU 00040700
OOOODA 59 FO C21E 00224 408 C 15,=F • 4* 00040800
OOQODE 4780 C0E8 OOOEE 409 BE HALFGOOD 00040900
0 0 0 0 E 2 410 PHOOEY EQU * 00041000

411 * 00041100
412 * OR, MORE IDEALLY, 00041200
413 * 00041300

0000E2 59F0 C21E 00224 414 C 15,=F«4* 00041400
0000E6 4720 CCDC 000E2 415 BH PHOOEY 00041500
OOOOEA 4740 C12 0 00126 416 BL GOODASAU 00041600

wOOOOEE 417 HALFGOOD EQU * 00041700
418 * 00041800
419 * ALL THINGS BEING EQUAL, THE AVERAGE PROGRAMMER MIGHT BE MORE 00041900
420 * INCLINED TO USE SOMETHING CALLED A ••BRANCH TABLE*', WHICH, 00042000
421 * AS YOU WILL SEE, IS JUST A BUNCH OF BRANCH INSTRUCTIONS 00042100
422 ARRANGED SYSTEMATICALLY. 00042200
423 * 00042300
424 * HERE•S ONE THAT DOES THE SAME THING AS THE PRECEEDING 00042400
42 5 * EXAMPLES. 00042500
426 * 00042600
427 * 00042700

OOOOEE 47FF CO EC 000F2 428 B BRT ABLE(15) 00042800
0000F2 47F 0 C 12 0 00126 42 9 BRTABLE B GOODASAU RETURN CODE = 0 00042900
0000F6 47F0 C0E8 OOOEE 430 B HALFGOOD RETURN CODE = 4 00043000
OOOOFA 431 BADBAD EQU * RETURN CODE = 8 00043100

432 * 00043200
433 ♦ BECAUSE THE USE OF THE BRANCH TABLE IS SO COMMON, IT 00043300
434 * HAS ALMOST BECOME A CONVENTION FOR SUBROUTINES TO RETURN 00043400
435 * CODES WHICH ARE MULTIPLES OF 4 (THE LENGTH OF THE BRANCH 00043500
436 * INSTRUCTION). 00043600
437 * 00043700
438 * NOTICE THAT ALTHOUGH THE CODE FOR THE SAMPLE CALLED 00043800
439 * •BRTABLE* USES AS MANY BYTES OF CORE AS THE SAMPLE BEFORE IT , 00043900
440 * THE AMOUNT OF CODE TO TEST FOR MORE RETURN CODES GROWS 00044000
441 * ONLY SLIGHTLY FOR THE BRANCH TABLE (4 BYTES TIMES THE NUMBER 00044100
442 * OF CODES TO BE RETURNED). 00044200
443
444

*
*--------

00044300
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446 ************************* QUESTION 9.7 ******************************** 00044600
447 * 00044700
448 * OK, THE CONCEPT OF THE BRANCH TABLE IS RATHER SIMPLE, SO, 00044800
449 * BY NOW, YOU MUST BE READY FOR A QUESTION ABOUT ONE • 00044900
450 * 00045000
451 * IN THE FOLLOWING, WHAT MUST THE RETURN CODE BE TO CAUSE US 00045100
452 * TO BRANCH TO •BLEAH’ ? 00045200
453 *********************************************************************** 00045300
454 * 00045400
455 * 00045500
456 * 00045600
457 *********************************************************************** 00045700

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

0000 FA 47FF C0F4 OOOFA 459 BTABLE B BTABLEI15) 00045900
OOOOFE 47F0 C12 0 00126 460 B COOLCOOL 00046000
000102 47FG C120 00126 461 B CLOSE 00046100
000106 47F0 C120 00126 462 B ENUF4JAZ 00046200
00010A 47 FO C12 0 00126 463 B MEDIOCRE 00046300
00010E 47F0 C120 00126 464 B GETSCOLD 00046400
000112 47F0 C120 00126 465 B HALFPAST 00046500
000116 47F0 C120 00126 466 B BLEAH 00046600
00011A 47F0 C 120 00126 467 B YECHHH 00046700

w 000H E 47FC C120 00126 468 B ROTTEN 00046800
M 000122 47 FO C12C 00126 469 B DISASTER 00046900
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471 * ........           00047100
472 * ANSWER 9.7 00047200
473 * 00047300
474 * THE RETURN CODE MUST BE EQUAL TO 28. 00047400
475 * 00047500
476 * IF YOU GET ANYTHING ELSE, GO BACK AND LOOK AT THE TABLE 00047600
477 * AGAIN. OH YES» WHEN YOU LOOK BACK AT IT, ALSO ANSWER 00047700
478 * QUESTION 9.8. 00047800
479 * 00047900
480 * ........................     00048000

482 ************************* QUESTION 9.8 ******************************** 00048200
483 * 00048300
484 * LOOK AT THE FIRST INSTRUCTION. IS THERE ANYTHING ABOUT IT 00048400
485 * THAT WOULD MAKE IT BEHAVE INCORRECTLY ? 00048500
486 * 00048600
487 *********************************************************************** 00048700
488 * 00048800
489 * 00048900
490 *********************************************************************** 00049000
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

492 * ........................................ ......... ................................
493 * ANSWER 9,8
494 *
495 * THAT DEPENDS ON YOUR POINT OF VIEW, WHAT DOES HAPPEN IS THAT
496 * THE FIRST INSTRUCTION WILL LOOP FOREVER IF A CODE OF 0 IS
497 * RETURNED. AND REMEMBER» ZERO WAS THE RETURN CODE FOR
498 * SUCCESSFUL COMPLETION. SO WE WOULD EXPECT A RETURN CODE OF
499 * ZERO NORMALLY» AND TO LOOP IF EVERYTHING GOES WELL IS NOT
500 * PARTICULARLY ADVANTAGEOUS» UNLESS OF COURSE» YOU CAN'T
501 * STAND PROSPERITY.
502 *
503 ******** w h e n  YOU GET HERE» DISPLAY THE RED SIDE OF THE "ANSWER CUE".
504 *
505 * ........................................................ ..........................

9/17/70

00049200 
00049300 
00049400 
00049500 
00049600 
00049700 
00049800 
00049900 
00050000 
00050100 
00050200 
00050300 
00050400 
00050500

507 *££££££&££££££££££££££££&££££££££££££££&£££££££££££££££££££££££££££££££ 00050700
508 * SKIP TO THE NEXT PAGE, THE EQUATES THAT FOLLOW ARE JUST TO 00050800
509 * KEEP THE NAMES I'VE BEEN USING FROM COMING OUT UNRESOLVED. 00050900
510 *&&&&&&£&&&&&&&&&&&&&£&£&&&&&£&&&&&£&&&&&&£&&&£&&£&&££&&&&&&&&&&&&£&&&& 00051000

w 000126 512 GOODASAU EQU * YOU 00051200
000126 513 COOLCOOL EQU * MAY 00051300
000126 514 CLOSE EQU * IGNORE 00051400
000126 515 ENUF4JAZ EQU * THESE, 00051500
000126 516 MEDIOCRE EQU * THEY 00051600
000126 517 GETSCOLD EQU * ARE 00051700
000126 518 HALFPAST EQU * ONLY HERE 00051800
000126 519 BLEAH EQU * TO 00051900
000126 52 0 YECHHH EQU * MAKE THE 00052000
000126 521 ROTTEN EQU * ASSEMBLER 00052100
000126 522 DISASTER EQU * HAPPY. 00052200



BXH AND BXLE FOR PROGRAM LOGIC CONTROL,

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 08APR70

524 *-
525 *
526 *
527 *
528 *
529 *
530 *
531 *
532 *
533 *
534 *
535 *
536 .*
537 *
538 *
539 *
540 *
541 *
542 *
543 *
544 *
545 *
546 *
547 *
548 *
549 *
550 *
551 *
552 *
553 *
554 *
555 *
556 *
557 *
558 *
559 *
560 *
561 *
562 *
563 *
564 *
565 *
566 *
567 *-

NOW WE MOVE ON TO ONE OF THE MORE EXOTIC INSTRUCTIONS CALLED 
•BRANCH ON INDEX HIGH* OR BXH, AND ITS RELATIVE •BRANCH ON 
INDEX LOW OR EQUAL* OR BXLE. THE WAY THAT I«M GOING TO USE 
THESE TWO INSTRUCTIONS HERE IS PROBABLY NOT THE WAY THEY 
WERE INTENDED TO BE USED, BUT IT TURNS OUT TO BE QUITE 
HANDY AND RAPIDLY GAINING IN POPULARITY.

LET US FIRST EXAMINE THE OPERATION OF THE INSTRUCTION IN IT'S 
LEAST INVOLVED FORM.
THE INSTRUCTION FORMAT IS.....

BXH REGA,REGB,LOCATION

IT IS INTUITIVELY OBVIOUS TO THE MOST CASUAL OBSERVER THAT 
THERE ARE TWO REGISTERS USED IN THE BXH INSTRUCTION, RIGHT ??

WRONG ... THAT WILL TEACH YOU TO ONLY CASUALLY OBSERVE.
THE SECOND OPERAND 1RE GB• USUALLY ADDRESSES AN EVEN NUMBERED 
REGISTER, AND WHEN IT DOES, THE NEXT HIGHER ODD REGISTER 
ALSO GETS INCLUDED IN THE ACTION.

LETS SEE, THAT GIVES US THREE REGISTERS NAMED REGA, REGB 
AND REGB+1. FUNCTIONALLY (BASED UPON WHAT THEY DO), WE 
MIGHT CALL THESE REGISTERS BY THE FOLLOWING NAMES.
REGA IS CALLED THE 'INDEX*.
REGB WE WILL CALL THE 'INCREMENT', BECAUSE IT IT USED TO 

INCREASE THE VALUE IN REGA.
REGB+1 IS THE 1 COMPARAND' BECAUSE IT WILL BE COMPARED TO 

THE •INDEX'.

SO, THE BXH WORKS LIKE THIS:
1) THE 'INCREMENT* IS ADDED TO THE 'INDEX'.

'REGA' = 'REGA' + 'REGB'

2) THE NEW 'INDEX' VALUE IS COMPARED TO THE 'COMPARAND'.
•REGA' ? 'REGB+1' (? MEANS COMPARED AGAINST)

3) IF THE NEW 'INDEX' IS HIGHER, WE TAKE THE BRANCH.
IF 'REGA' > 'REGB+1•, BRANCH.

READ THAT OVER AGAIN TO BE CERTAIN THAT IT IS CLEAR,
THEN ANSWER THE FOLLOWING.

000126 8634 C124 0012A

569 ************************ QUESTION 9.9 *********************************
570 * REGISTER 3 CONTAINS 250.
571 * REGISTER 4 CONTAINS 25.
572 * REGISTER 5 CONTAINS 275.
573 * IF I EXECUTE THE FOLLOWING, WILL WE BRANCH TO 'INDEX3HI * ?
574 ********* **************************************************************
575 *
576 ***********************************************************************
577 BXH 3,4, INDEX3HI

PAGE 16

9/17/70

00052400
00052500
00052600
00052700
00052800
00052900
00053000
00053100
00053200
00053300
00053400
00053500
00053600
00053700
00053800
00053900
00054000
00054100
00054200
00054300
00054400
00054500
00054600
00054700
00054800
00054900
00055000
00055100
00055200
00055300
00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056100
00056200
00056300
00056400
00056500
00056600
00056700

00056500
00057000
00057100
00057200
00057300
00057400
00057500
00057600
00057700
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

579 * .................. .................... ........... ................................  00057900
580 * ANSWER 9.9 00058000
581 * 00058100
582 * NO, BECAUSE 250 + 2 5  IS NOT HIGHER THAN 275. 00058200
583 * REG3 + REG4 IS NOT HIGHER THAN REG 5. 00058300
584 * ....... ......................................... ...................................  00058400

00012A 585 INDEX3HI EQU * 00058500

587 ************************ QUESTION 9.10 ******************************** 00058700
588 * 00058800
589 * ALL RIGHT» JUST FOR DRILL, W E 1LL TRY ANOTHER ONE. GIVEN 00058900
590 * THE FOLLOWING REGISTER CONTENTS, 00059000
591 * REGISTER 3 CONTAINS 12345. 00059100
592 * REGISTER 4 CONTAINS -1224. 00059200
593 * REGISTER 5 CONTAINS 11111. 00059300
594 * IF I EXECUTE THE FOLLOWING, WILL I BRANCH TO •INDEX3AI• ? 00059400
595 * 00059500
5 98 *********************************************************************** 00059600
597 *■ 00059700
598 *********************************************************************** 00059800

00012A 8634 C128 0012E 599 BXH 3,4,INDEX3AI 00059900
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LOC

00012 E

3

:ooi2E

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

601 * ................................. ................ ................................  00060100
602 * ANSWER 9.10 00060200
603 * 00060300
604 * YES» BECAUSE 12345 + (-1224) IS HIGHER THAN 11111.(IT = 11121) 00060400
605 * REG.3 + REG.4 IS HIGHER THAN REG.5. 00060500
606 * ....................................................... ............................  00060600
607 INDEX3AI EQU * 00060700

609 *----------------------------------------------------------   00060900
610 * 00061000
611 * FIRST VARIATION ON A THEME. 00061100
612 * • 00061200
613 * BXH REGA,REGB,LOCATION 00061300
614 * 00061400
615 * SUPPOSE WE WERE TO USE AN ODD-NUMBERED REGISTER FOR REGB. 00061500
616 * IN SO DOING» REGB+1 IS NO LONGER ODD AND THE BXH OPERATION 00061600
617 * CHANGES SLIGHTLY. 00061700
618 * 00061800
619 * IF THE SECOND OPERAND IS AN ODD-NUMBERED REGISTER, IT BECOMES 00061900
620 * BOTH «INCREMENT1 AND «COMPARAND' AND THE INSTRUCTION GOES 00062000
621 * ON AS BEFORE. 00C621C0
622 * 00062200
623 * l.'REGA* = •REGA• + ■REGB' 00062300
624 * 2.* REGA' ? •REGB* (? MEANS IS COMPARED AGAINST) 00062400
625 * 3.IF 'REGA * > «REGB*» BRANCH. 00062500
626 * 00062600
627 *-------------------- -------- — -— -------------- — ------------------------------ 00062700

8645 C12C 00132

629 ************************ QUESTION 9.11 ********************************
630 * GIVEN: REGISTER 4 CONTAINS 250.
631 * REGISTER 5 CONTAINS 25.
632 *
633 * IF I EXECUTE THE FOLLOWING, WILL I BRANCH TO •INDEX4HI• ?
634 ***********************************************************************
635 *
636 *
637 ***********************************************************************
638 BXH 4, 5,INDEX4HI

00062900
00063000
00063100
00063200
00063300
00063400
00063500
00063600
00063700
00063800
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LOC OBJECT CODE ADDRi ADDR2 STMT SOURCE STATEMENT F084PR70 9/T7/70

640 * ......................       00064000
641 * ANSWER 9.11 00064100
642 * 00064200
643 * YES, BECAUSE REG4 + REG5 IS HIGHER THAN REG5. 00064300
644 * 250 + 25 IS HIGHER THAN 25. 00064400
645 *........................................         00064500

C00132 646 INDEX4HI EQU * 00064600

000132 8633 C19E

648 *-
649 *
650 *
651 *
652 *
653 *
654 *
655 *
656 *
657 *
658 *
659 *
660 *
661
662 *
663 *
664
665 *
666 *
667 *
668 *
669 *
670 *
671 *
672
673 *
674 *
675 *
676 *
677 *

001A4 678
679 *•

SECOND AND FINAL VARIATION ON A THEME.

NOW WE GET TO THE REAL FU N......

IF WE WERE TO MAKE REGA EQUAL REGB, AND MAKE (IT/THEM) ODD 
AT THE SAME TIME, THE ONE REGISTER WOULD BE •INDEX*, 
•INCREMENT* AND •COMPARAND* AND EVERYTHING WOULD PROCEED 
JUST AS BEFORE.
1) THE 'INDEX* IS ADDED TO THE * INCREMENT'•
2) THE NEW INDEX VALUE IS COMPARED TO THE 'COMPARAND'•
3) IF THE 'INDEX' IS HIGHER THAN THE 'COMPARAND', WE BRANCH.

HA HA YOU SCOFF, IF YOU ADD SOMETHING TO ITSELF IT MUST 
BE HIGHER THAN IT WAS AND YOU WOULD ALWAYS BRANCH, RIGHT ?

WRONG ... DO YOUR SCOFFING ON YOUR OWN TIME, LETS BE 
SERIOUS AND REALLY DIG INTO THIS INSTRUCTION.

THE ADDITION THAT WE DO IS ALGEBRAIC, BUT NO OVERFLOW 
INDICATION IS GIVEN. THE KEY TO WHAT IS ABOUT TO HAPPEN 
IS THAT THE SIGN BIT MAY BE CHANGED DURING THE OPERATION 
AND SINCE THE ALGEBRAIC COMPARISON IS MADE WITHOUT TESTING 
FOR OVERFLOW, A PREVIOUSLY POSITIVE NUMBER MAY HAVE JUST 
CHANGED TO A NEGATIVE ONE, IF OVERFLOW OCCURS.

SOME CHINESE PHILOSOPHER CLAIMED THAT A PICTURE IS WORTH 
A THOUSAND WORDS, LET ME SEE IF THAT IS TRUE. LOOK AT THE 
FOLLOWING EXAMPLE OF THE EXECUTION OF THIS INSTRUCTION.

BXH 3,3,LOCATION

00064800
00064900
00065000
00065100
00065200
00065300
00065400
00065500
00065600
00065700
00065800
00065900
00066000
00066100
00066200
00066300
00066400
00066500
00066600
00066700
00066800
00066900
00067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
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LOC OBJECT CODE ADDR1 ADDR2 STMT

000136 8633 C19E 001A4

STMT

681 *
682 *
683 ❖
684 *
685 ❖
6 86 *
687
688 *
689
690 *
691 *
692 •*
693 *
6 94 *
695 *
696 ❖
697 *
698
699 *
700 *
701 *
7 02 $
7 03 *
7 04
705 *
7 06 *
7 07 ❖
708 *
7 09 *
710
711 *
712 *
713

SOURCE STATEMENT F08APR70

ASSUME THAT REGISTER 3 CONTAINS THE FOLLOWING BINARY VALUE.

BIT NUMBER 012345 10 20 31
REGISTER 3 = 01100111001111010010011101101001

WHEN WE EXECUTE:
BXH 3,3,LOCATION

REGISTER THREE GETS ADDED TO ITSELF:

REGISTER 3 = 01100111001111010010011101101001
PLUS REGISTER 3 = 01100111001111010010011101101001

EQUALS NEW REG. 3 = H g ÖÏÏIÖ o I llIÖÏÖÖToÖÏHÖÏÏÖTÖÖÏÖ
WHICH IS MERELY THE OLD VALUE SHIFTED LEFT ONE BIT POSITION. 
BUT WE ARE NOT FINISHED EXECUTING THE INSTRUCTION YET, SO:

OLD REG. 3 = 01100111001111010010011101101001 
COMPARED TO
NEW REG. 3 = 11001110011110100100111011010010 
YIELDS:
THE NEW VALUE OF REGISTER 3 IS LOWER THAN THE OLD VALUE 
OF REGISTER THREE, SO WE DO NOT BRANCH.

"WHAT THE HECK ??", YOU INQUIRE POLITELY.
"ELEMENTARY, MY DEAR WHATSIS ", I REPLY, "REGISTER 3 IS LUwER 
NOW BECAUSE IT HAS GONE NEGATIVE WHEN THE 'I' IN BIT 
POSITION 1 GOT SHIFTED INTO POSITION 0 (THE SIGN BIT IN THE 
REGISTER)».

9/17/7C

00068100
00068200
00068300
00068400
00068500
00G68600
00068700
00068800
00068900
00069000
00069100
00069200
00069300
00069400
00069500
00069600
00069700
000698CC
00069900
00070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
00070800
00070900
00071000
00071100
00071200
00071300

00013A 8633 C19E 001A4

715
716
717
718
719
720
721
722
723
724
725

QUESTION 9.12 *****##******❖***###*#******###***
*
* IF WE WERF TO EXECUTE THE 

BXH 3,3,LOCATION
* INSTRUCTION AGAIN, USING THE LAST VALUE GIVEN IN THE EXAMPLE
* ABOVE, WOULD WE BRANCH TO •LOCATION* THIS TIME ?
*

*
*

00071500
00071600
00071700
00071800
00071900
00072000
00072100
00072200
00072300
00072400
00072500
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LOC OBJECT CODE ADDRI ADDR2 STMT

727 *
728 *
729 *
730 *
731 *
732 *
733 *
734 *
735 *
736 *
737 *
738 *
739 *
740 *
741 *
742 *
743 *
744 *
745 *
746 *
747 *
748 *
749 *
750 *
751 *
752 *
753 *
754 *:

SOURCE STATEMENT F08APR70

ANSWER 9,12

NO, WE DO NOT BRANCH THIS TIME EITHER, BECAUSE A 
SHIFTED INTO THE SIGN POSITION MAKING THE RESULT 
AGAIN.

BIT WAS 
NEGATIVE

CONSIDER THIS MORE CLOSELY, SINCE 
3 ARE NEGATIVE, THERE IS A CHANCE

THE TWO VALUES OF REGISTER 
THAT THE NEW VALUE COULD

BE HIGHER THAN TH€ OLD, AND MAYBE WE REALLY SHOULD BRANCH.

ONE THING THAT YOU MUST REMEMBER, IS THAT 
IN REGISTER 3 IS IN TWO'S COMPLEMENT FORM 
MORE 'NEGATIVE* THAN IT USED TO BE.

OUR NEGATIVE NUMBER 
AND AS SUCH IS

VISUALLY:

OLD 
2' S

NEW
2' S

REGISTER 3 
COMPLEMENT

REGISTER 3 
COMPLEMENT

I 10011100 l 11 10 1001001I 10I 1010010  
00110001100001011011000100101110 (MINUS)

1 0 0 11 1 0 0 1 1 11 0 1 0 0 1 0 0 1 1 1 0 1 1 0 1 0 0 1 0 0  
01100011000010110110001001C11100 (MINUS)

BECAUSE THE NEW VALUE IS FARTHER AWAY FROM ZERO THAN THE OLD 
( IN THE NEGATIVE DIRECTION ), IT IS ALGEBRAICALLY 
SMALLER, AND WE DON'T BRANCH.

** *jjc **** jfc*****##** #*$**:«:**# ************** *#***# *##*#** ******** *********

9/17/70

00072700
00072800
00072900
00073000
00073100
00073200
00073300
00073400
00073500
00073600
00073700
00073800
00073900
00074000
00074100
00074200
00074300
00074400
00074500
00074600
00074700
00074800
00074900
00075000
00075100
00075200
00075300
00075400

00013E 8633 C19E

756 ******************** QUESTION 9.13 ************************************ 00075600
757 * 00075700
758 * NOW'S YOUR BIG CHANCE...... LETS EXECUTE THE SAME 00075800
759 * INSTRUCTION ONE MORE TIME. AND SEE WHAT HAPPENS. 00075900
760 ,* ASSUME THAT REGISTER 3 CONTAINS THE SAME VALUE THAT WE 00076000
761 * LEFT OFF WITH IN THE LAST QUESTION. 00076100
762 * WILL WE BRANCH TO 'LOCATION' THIS TIME ? 00076200
763 * 00076300
764 *********************************************************************** 00076400
765 * 00076500
766 * 00076600
767 *********************************************************************** 00076700

001A4 768 BXH 3,3,LOCATION 00076800
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

770 * .........................................    00077000
771 * ANSWER 9.13 00077100
772 * 00077200
773 * YES, THIS TIME WE BRANCH, BECAUSE THE SIGN BIT WILL CONTAIN 00077300
774 * A ZERO WHEN THE SHIFTING IS COMPLETED, AND THE RESULT IS 00077400
775 * POSITIVE AND HIGHER THAN THE PREVIOUS NEGATIVE NUMBER IN 00077500
776 * REGISTER 3. 00077600
777 * OLD REG. 3 = 10011100111101001001110110100100 00077700
778 * NEW REG. 3 = 00111001111010010011101101001000 00077800
779 * 00077900
780 * ......   00078000

782
783
784
785
7 86
787
788
789 
79C
791
792
793
794
795
796
797
798
799
800 
801 
802
803
804
8 05 
806
807
808 
809

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
❖
*

IF WE WERE TO CARRY THIS OPERATION ONE STEP FARTHER, WE 
WOULD SEE THAT THE NEXT SHIFT WOULD PUT A ZERO IN THE 
SIGN AGAIN AND, BECAUSE THE NEW VALUE WOULD BE TWICE THE 
OLD, WE WOULD BRANCH.

FROM WHAT WE HAVE OBSERVED, THEN, WE CAN DERIVE A RULE.

* * * * * * * * * * * * * * * * * * * * * * * *
* BXH AXIOM NUMBER 1 . *
*   -------------- ---------- — —  _  -  *
************************

WHENEVER WE EXECUTE A BXH INSTRUCTION OF THE FORM:

BXH ODDREG,ODDREG,LOCATION

THE BRANCH TO 'LOCATION' WILL BE MADE ANY TIME THAT 
A ZERO IS SHIFTED INTO THE SIGN POSITION, AND WE WILL 
NOT BRANCH ANY TIME THAT A ONE-BIT IS SHIFTED INTO THE 
SIGN POSITION OF THE REGISTER.

SO BE IT.

******** NOW DISPLAY THE YELLOW SIDE OF THE "ANSWER CUE".
*
*

000782C0
00078300
00078400
00078500
00078600
00078700
00078800
00078900
00079000
00079100
00079200
00079300
00079400
00079500
00079600
00079700
00079800
00079900
00080000
00080100
00080200
00080300
00080400
00080500
00080600
00080700
00080800
00080900
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

811 *+ + + + + + + + + + + -M- ♦ + + + + + + ++ + + + + -M- + + + + + -H- + + + + -M-+ + -H- + + + + + + -H- + +-H--I- + + + -H --H -+  + -H- +
812 *
813 * EARLIER, I SAID THAT THIS TECHNIQUE WAS GAINING IN POPULARITY,
814 * BUT I HAVEN'T REALLY SHOWN ANY REAL USE FOR THIS BXH
815 * INSTRUCTION, AT LEAST NOT IN THE WAY I'VE JUST DESCRIBED.
816 * WELL, IT'S USED TO CONTROL LOGIC FLOW IN SOME PROGRAMS, WHERE
817 * THE SAME CODE MAY BE USED TO DO MANY THINGS. LOOK AT THE
818 * FOLLOWING PROGRAM, WHICH WILL FIND THE AREA OF A CIRCLE,
819 * A SQUARE, A TRIANGLE, A TRAPEZOID, OR A RECTANGLE,
820 * DEPENDING UPON THE VALUE POINTED TO BY REGISTER 14.
821 * NOTICE THAT IT IS THE BXH INSTRUCTION THAT DOES ALL THE
822 * DECISION MAKING IN THE PROGRAM.
823 *
824 *+ + + + + + ++ + + -M--M- + + ++ + +++ + + + + + + + + + -H--M- + + + + + +++ + + + + + + + + + + + + + + + + + -H- + + -H-H- + +

826
827
828
829
830 
8 31
832
833
834
835
836
837
838
839 
84 G 
841 
8 42
843
844
845
846
847
848
849
850
851
852
853
854
855
856

*  *  *  *  J{c #  *  #  Jjt Jj£ #  *  *  *  *  *  *  * * * * * * *  ajs #  * # * $ * # *  #  *  *  *  * * *  sje * *  #  *  #  j{c #  *
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

ON ENTRY TO THIS ROUTINE, THE USER MUST HAVE SET UP THE 
FOLLOWING FLOATING-POINT REGISTERS WITH THE FOLLOWING VALUES, 
DEPENDING UPON THE DESIRED FUNCTION. ALSO, GENERAL REGISTER 
14 WILL NEED TO POINT TO A HALF-WORD CONSTANT WHICH CONTAINS 
THE INDICATED VALUE. THIS CONSTANT VALUE WILL BE USED TO 
OBTAIN A BIT PATTERN FROM A TABLE OF CONSTANTS. THE BITS IN 
THIS BIT PATTERN WILL GUIDE THE FLOW THROUGH THE ROUTINE, 
USING THE BXH INSTRUCTION.

AREA OF: IF.P.REG 0 IF.P.REG 2 IF . P .REG 4| REG 14 —>DC H'N

CIRCLE |DIAMETER | N/A 1 N/A 1 H * 0'

SQUARE (SIDE I N/A 1 N/A 1 H ' 2'

RECTANGLE|LENGTH I WIDTH 1 N/A 1 H ' 4'

TRIANGLE {HEIGHT (BASE 1 N/A 1 H ' 6 '

TRAP EZOID{HEIGHT ISHORT SIDE|LONG SIDE| H' 8'

FORMULAE USED:
AREA CIRCLE = (DIAMETER/2)(DlAMETER/2) X 3.14159
AREA SQUARE = SIDE X SIDE
AREA RECTANGLE = LENGTH X WIDTH
AREA TRIANGLE = (HEIGHT/2) X BASE
AREA TRAPEZOID = (LONG SIDE + SHORT SIDE) X HEIGHT/2

I*#*# ###:{£* *##3}::$: *##£#***************************************** ***********

000000 858 RO EQU 0
000001 859 R 1 EQU 1
000002 860 R2 EQU 2
000004 861 R4 EQU 4
OOOOOE 862 R 14 EQU 14

FLOATING POINT REGISTER 0 
GENERAL PURPOSE REGISTER 1 
FLOATING POINT REGISTER 2 
FLOATING POINT REGISTER 4 
GENERAL PURPOSE REGISTER 14

9/17/70

00081100
00081200
00081300
00081400
00081500
00081600
00081700
00081800
00081900
00082000
00082100
00082200
00082300
00082400

00082600
00082700
00082800
00082900
00083000
00083100
00083200
00083300
00083400
00083500
00083600
00083700
00083800
00083900
0C084000
00084100
00084200
00084300
00084400
00084500
00084600
00084700
00084800
00084900
00085000
00085100
00085200
00085300
00085400
00085500
00085600

00085800
00085900
00086000
00086100
00086200
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

000142 48 IE 0000 00000 864 AREAS LH R110(R14) PICK UP DISPLACEMENT INTO TABLE 00 C86400
000146 4811 C16C 00172 865 LH RltMSKTABLE(Rl) OBTAIN MASK 00086500
00014A 8910 0010 00010 866 SLL R1t16 SHIFT TO BITS 0— 15 IN REGISTER 1 0C086600

867 * 00086700
868 * THE FOLLOWING. BRANCH IS CONTROLLED BY BIT ■A* IN THE MASK. 00086800
869 * 00086900

00014E 8611 C14E 00154 870 BXH R11 R1* NOHALVE 00087000
000152 2400 871 . HDR ROt RO DIVIDE BY TWO 00087100

872 * 00087200
873 * THE FOLLOWING. BRANCH IS CONTROLLED BY BIT * B * . 00087300
874 * 00087400

000154 8611 Cl 54 0015A 875 NOHALVE BXH RltRltNOADD 00087500
000158 2A24 876 ADR R2 tR4 ADD SIDE1 AND SIDE 2 (TRAPEZOID ONLY) 00087600

877 * 00087700
878 * THE FOLLOWING BRANCH IS CONTROLLED BY BIT •C' . 00087800
879 * 00087900

00015A 8611 Cl 5 A 00160 880 NOADD BXH RltRlt NOSQUARE 00088000
00015E 2C00 881 MDR ROtRO SQUARE THE FACTOR 00088100

882 * 00088200
883 * THE FOLLOWING BRANCH IS CONTROLLED BY BIT •D' . 00088300
8 84 * 00088400

000160 8611 C160 00166 885 NOSQUARE BXH RltRlt NOMLTPLY 00088500
000164 2C02 886 MDR R O ,R2 MULTIPLY TWO FACTORS 00088600

887 * 00C88700
888 * THE FOLLOWING; BRANCH IS CONTROLLED BY BIT « E' . 00088800
889 * 00088900

000166 8611 C 168 0016E 890 NOMLTPLY BXH RltRlt ALLFOLKS 00089000
00016A 6C00 C17A 00180 891 MD ROtPI MULTIPLY BY PI 00089100
00016E 47FE 0002 00002 892 ALLFOLKS B 2(R14) RETURN TO CALLER t ANSWER IS IN F.P.REG 0. 00089200

000172 894 MSKTABLE DS OH 00089400
895 * ++++ + <---------- -— -THESE LETTERS CORRESPOND TO 00089500
896 m u THE BITS REFERRED TO IN QUOTES 00089600
897 vvvvv ( BIT •A' ), IN THE COMMENTS 00089700
898 * -ABCDE-- PADDING— PRECEEDING THE BXH'S ABOVE. 00089800

000172 54FF 899 CIRCLE DC BL2'0101010011111111• 00089900
000174 1 OFF 900 SQUARE DC BL2*0001000011111111• 00090000
000176 C8FF 901 RECTNGL E DC BL2'0000100011111111' 00090100
000178 0000 902 TRIANGLE DC 2X ' 0 ' YOU GET TO SET UP THIS ONE. 00090200
00017A 68FF 903 TRPEZOID DC BL2*0110100011111111' 00090300
C0017C 00000000
000 180 413243F3E0370CDD 904 PI DC D'3.14159' 00090400
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

906 *■
907 *
908 *
909 *
910 *
911 *
912 *

TO SEE EXACTLY HOW THE ROUTINE WORKS» LET'S TAKE ONE OF THE 
FIGURES THROUGH. FOR THE SAKE OF ARGUMENT, WE'LL TAKE THE 
CIRCLE, SINCE IT'S THE FIRST IN THE LIST. FIRST, LET'S 
CONSIDER WHAT THE PROGRAMMER USING THE ROUTINE WOULD WRITE.

000188 6800 C192 00198 913 LD RO,DIAMETER
00018C 45 EO C13C 00142 914 BAL R14,AREAS
000190 0000 915 DC H' 0'
000192 47FC C19E 001A4 916 3 LOCATION
000196 0000
000198 4219722D0E560419 917 DIAMETER

918 *
919
920
921
922
923
924
925
926 
c2 7
928
929
930
931
932
933
934

DC D* 2 5.446'

DISPLACEMENT TO THE CIRCLE MASK IN TABLE.

DIAMETER OF SOME CIRCLE

THEN THE 'AREAS' ROUTINE WOULD GET CONTROL AND PICK UP THE 
MASK LABELED 'CIRCLE'. AT THE FIRST BXH, BIT * A ' WOULD BECOME 
THE SIGN, AND SINCE WE HAD WANTED TO HALVE THE DIAMETER TO 
GET THE RADIUS, WE WANT TO FALL THROUGH AND EXECUTE THE 'HDR' 
INSTRUCTION. BECAUSE WE HAD WANTED THIS, THE MASK FOR THE 
CIRCLE HAD CONTAINED A '1' BIT IN POSITION 'A ' , PREVENTING US 
FROM BRANCHING. THE NEXT OPERATI O N ,(ADD SIDE ONE TO SIDE TWO), 
IS NOT A PART OF FINDING THE AREA OF A CIRCLE, SO , WE WANT 
TO SKIP OVER THIS. WE ACCOMPLISH THE SKIP BY PUTTING A 'Ü' IN 
BIT POSITION 'B' OF THE MASK, AND, AS YOU REMEMBER, A '0'
GOING INTO THE SIGN POSITION OF THE REGISTER CAUSES OUR BXH 
INSTRUCTION TO BRANCH. OK, YOU SHOULD SEE THE LOGIC BY NOW,
SO ANSWER QUESTION 9.14, WHICH IS A CONTINUATION OF THE CIRCLE 
PROBLEM SOLUTION WE HAVE BEEN DOING.

936 ************************* QUESTION 9.14 *******************************
937 *
938 * WHAT ARE THE LABELS ON THE BXH INSTRUCTIONS THAT WILL
939 * NOT CAUSE A BRANCH TO BE TAKEN DURING THE SOLUTION OF THE
940 * AREA OF THE CIRCLE? ASSUME THAT WE HAVE ALREADY EXECUTED THE
941 * FIRST TWO, AS IN THE INSTRUCTIONS IN THE PARAGRAPH ABOVE.
942 *
943 ***********************************************************************

9/17/70

0GG90600 
00090700 
00090800 
00090900 
00091000 
00091100 
00091200 
00091300 
00091400 
00091500 
00091600

00091700
00091800
00091900
00092000
00092100
00092200
00392300
00092400
00092500
00092600
00092700
00092800
00092900
00093000
00093100
00093200
00093300
00093400

00093600
00093700
00093800
00093900
00094000
00094100
00094200
00094300
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945 * ......................................   00094500
946 * ANSWER 9.14 00094600
947 * 000Q 4700
948 * BECAUSE BOTH BITS » C  AND * E ' IN THE 'CIRCLE' MASK ARE I'S» 00094800
949 * THE BRANCHES LABELED « NOADD * AND 'NOMLT PLY' WILL NOT BRANCH» C0094900
950 * CAUSING US TO SQUARE THE RADIUS AND MULTIPLY BY PI. 00095000
951 * 00095100
952 * ..................................................................................... 00095200

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR7Q 9/17/70

954- ************************* QUESTION 9.15 ******************************* 00095400
955 * 00095500
956 * CONSTRUCT THE BIT MASK REQUIRED TO FIND THE AREA OF THE 00095600
957 * TRIANGLE. USE THE FORMULA AND REGISTER CONTENTS AS DESCRIBED 00095700
958 * IN THE PROLOGUE OF THIS ROUTINE. 00095800
959 * 00095900
960 * # * $ * * # * # # * # # * # * # * # * # # * * * * * * * # * # * * * # $ # # # # * * # # = £ £ # # # # #  00096000
961 * 00096100
952 ** ******* * ****************** **** #***£* ******:{£** ****** *#**#«* ***#**##* 00096200
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LOG OBJECT CODE ADDR1 ADDR2 STMT

964 * .
965 *
966 *
967 *
968 ❖
969 ❖
970 *
971 *
972 *
973 *
974 *
975 * •

977 # +1
978 £
979 *
980 ❖
981 ❖
982 ❖
983 ❖
984 *
985 ❖
986 ❖
987 *
988 ❖
989 *
990 *
991 *
092 *
993 *
994 *
995 ❖
996 ❖

SOURCE STATEMENT F08APR70

ANSWER 9.15 

TRIANGLE DC 6L2' OlOOlOXXXXXXXXX1'

THIS ALLOWS US TO FALL THROUGH 3XH •A* AND HALVE REGISTER 0 
WHICH CONTAINS THE HEIGHT, TAKE B XH' S 'B' AND 'C', SKIPPING 
OVER THE UNDESIREO ADDITION AND SQUARING, FALL THROUGH BXH 
*D 1 , M U L T IP LY IN G THE HEIGHT (WHICH WE PREVIOUSLY HALVED) BY 
THE BASE, GIVING US THE DESIRED AREA. NATURALLY, WE WANT TO 
TAKE BXH ' E' , BECAUSE WE ARE ALREADY FINISHED.

*  + + + + + + + + + + + + +-H- + + + + + + -H -+ + -H - + + + + + + + -M--M--H--H- + -M- + + + + -M- + -M- + + + + -I- + + -M- + + + 4- + + +
THE OPERATION OF THE BXLE INSTRUCTION IS NEARLY IDENTICAL TO 
THAT OF THE BXH. THAT IS TO SAY,
1) THE * INCREMENT’ IS ADDED TO THE * INDEX1 •
2) THE NEW 'INDEX' IS COMPARED TO THE 'COMPARAND'.
3) THE BRANCH IS TAKEN IF THE NEW 'INDEX' VALUE IS LESS THAN 

OR EQUAL TO THE 'COMPARAND'.
NOTICE THAT ONLY THE TEXT OF LINE (3) CHANGED FROM THE 
DESCRIPTION OF THE BXH INSTRUCTION.

O.K. THEN, FROM THIS DIFFERENCE, WE CAN DERIVE A RULE FOR 
THE BXLE WHERE THE SAME ODD-NUMBERED REGISTER IS USED FOR 
BOTH THE 'A' AND 'B • OPERANDS.

3{C * # # * ##*:{£* ** *### ## ## *
* BXLE AXIOM NUMBER ONE. *
*  ------ ------ ~ ---- ------ *

THE BRANCH WILL BE TAKEN WHENEVER A ONE BIT IS SHIFTED INTO 
THE SIGN POSITION OF THE REGISTER USED IN A BXLE OF THE FORM:

997 *
998 * 
9Q9 *
1C00 *

BXLE ODDREG,ODDREG,LOCATION

TO VERIFY YOUR UNDERSTANDING OF THIS, ANSWER QUESTIUN 9.16.

9/17/70

00096400
00096500
00096600
0009670G
00096800
00096900
00097000
00097100
00097200
00097300
00097400
00097500

00097700 
00097800 
00097900 
00098000 
00098100 
000982QG 
00098300 
000984-00 
00098500 
00098600 
00098700 
00098800 
00098900 
00099000 
00099100 
00099200 
00099300 
00099400 
00099500 
0C099600 
00099700 
00099800 
00099900 
0 0 1C0000  
0 0 1 0 01 0 0

001AO 8 7 5 8 C1 C6 001CC

1G03
1004
1005
1006
1007
1008
1009
1010 
1011 
1012 
1013

******************:*#*****;{£ QUESTION 9.16 ******************************
* TO SHOW THE SIMILARITY OF OPERATION BETWEEN BXH AND BXLE,
* GIVEN: REGISTER 5 CONTAINS 264833.
* REGISTER 8 CONTAINS -345221.
* REGISTER 9 CONTAINS -80388.
* WILL I BRANCH TO 'INDX5L0#', WHEN THE FOLLOWING INSTRUTION
* IS EXECUTED ?
* ##***£*# **$#£*# $£****#****** ***###***#**##*>!!#❖** #****#£#**$❖❖* **#*##** 
*
* 3S= £ * * * * # # * * # * * $ ### ❖ * * * $ * * * * * # *##### * sjeajcsjc## * :(£ * * # * # * # # £ # # £ # jjs * ** * * * * # *

BXLE 5,8,1NDX5L0#

00100300 
00100400 
OC100 500 
00100600 
00100700 
00100800 
00100900 
00101000 
00101100 
00101200 
00101300
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LOC OBJECT CODE ADDR1 ADDR2

1015 * ...............................................    00101500
1016 * ANSWER 9.16 00101600
1017 * 00101700
1018 * YES, BECAUSE 264833 + (-345221) IS EQUAL TO -80388. 00101800
1019 * REG.5 + REG . 8 IS EQUAL TO REG.9. 00101900
1020 * 00102000
1021 * ........................................................................................... ......................  00102100

STMT SOURCE STATEMENT F08APR70 9/17/70

1023 ************************** QUESTION 9.17 ****************************** 00102300
1024 * 00102400
1025 * WHAT WILL BE THE VALUE IN REGISTER 5 WHEN THE INSTRUCTION 00102500
1026 * CALLED * ENDALL• IS EXECUTED ?? 00102600
1027 * 00102700
1028 *********************************************************************** 00102800
1029 * 00102900
1C30 *********************************************************************** 00103000

0001A4 1032 LOCATION EQU * 00103200
0 0 01A 4 1B 55 1033 PASSCONS SR 5,5 00103300
0001A6 5870 C22 2 00228 1034 L 7, = X •A7 053200* 00103400
00 01AA 8777 C 1 AC 001B2 1035 8XLE1 BXLE 7, 7,6XLE2 001C3500
0001AE 4A50 C22 6 0022C 1036 AH 5 , = H * 12 * 00103600
000182 8777 C1B4 001 BA 1037 BXLE2 BXLE 7,7,BXH1 00103700
000 IB6 4A50 C228 0022E 1038 A DD2 AH 5 , = H 1 2 ' 00103800
0 0 01B A 8677 Cl BO 001B6 103 9 BXH1 BXH 7,7,ADD2 00103900
0001B E 8777 Cl Cu 001C6 1040 BXLE 3 BXLE 7,7,* + 8 00104000
0001C 2 4B50 C22 A 00230 1041 SH 5,=H'3' 00104100
0001C6 0000 1042 TAKEDUMP DC H' 0' 00104200
0001C 8 47 FO C1C6 001CC 1043 ENDALL B COMPLETE 00104300

I
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

1045 *
1046 *
1047 *
1048 *
1049 *
1050 *
1051 *
1052 *
1053 * 
1C 54 * 
1C55 *
1056 *
1057 *
1058 *
1059 *
1060 * 
1061 * 
1062 * 
1063 * 
1C 64 *
1065 *
1066 * 
1067 *

ANSWER 9.17 

REGISTER 5 EQUALS 16.

THE FOLLOWING SHOWS THE SEQUENCE OF EVENTS THAT TOOK PLACE 
IN THE EXECUTION OF THE CODE FOR QUESTION 9.17.

LABEL | NEW SIGN | ACTION TAKEN | REG.5 = |

BXLE1

BXLE2

1

1

0

1

1

1

NO BRANCH 

BRANCH TO BXH 1

1

\

0

12

1

1

BXH1 1 0 1 BRANCH TO ADD2 ! 12 1

BXH1 1 0 1 BRANCH TO ADD2 1 14 7
BXH1 1 1 1 NO BRANCH 1 16 1

BXLE3 1 1 1 BRANCH TO TAKEDUMP) 16 1

00104500 
00104600 
00104700 
00104800 
00104900 
00105C00 
00105100 
00105200 
00105300 
00105400 
OC105500 
00105600 
00105700 
00105800 
00105900 
001060Ü0 
00106100 
00106200 
00106300 
00106400 
00106500 
00106600 
00106700

1069
1C70
1071
1072
1073
1074
1075
1076

* C C C C C C CC C C € C C C C C C C C C CC C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C C  00106900
* 00107000
* THIS CONCLUDES THE WORK PROJECT FOR THE BRANCHING AND 00107100
* SWITCHING SECTION OF THE COURSE. SO THAT YOUR INSTRUCTOR 00107200
* KNOWS THAT YOU ARE FINISHED, DISPLAY THE WHITE SIDE OF 00107300
* THE "ANSWER CUE" AT THIS TIME. 00107400
* 00107500
* C C C C C C C C C C C E C C C E C E E C C C C C C C C E CC C C C C E C CC C E C EC C E C CC C C C C C C C C C C E C CC C C C C C C C C  00107600

0001CC 1078 COMPLETE FQU * 00107800
0001CC 1079 INDX5L0# EQU' ❖ 00107900
G001CC 58DD 0004 00004 1080 L 13,4(13) 00108000
0 0C1D 0 98EC DOGC OOOOC 1081 LM 14,12,12(13) 00108100
0001D4 07FF 1082 BR 14 00108200
0001D8 1083 BRSAVE DS 18F 00108300
000000 1084 END BRANCHES 00108400
000220 OCCOOOCO 1C85 = F • 0 •
000224 00000004 1086 = F 1 4*
000228 A7C532 00 1087 =X'A7053200'
00G22C OOOC 1088 = H* 12*
00022E 0002 1089 = H 1 2 *
0 002 3 C 0003 1090 = H* 3'
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POS.ID REL .ID FLAGS ADDRESS

01 02 1C 000028

9/17/70



CROSS-REFERENCE: PAGE 1

SYMBOL LEN V A L U E DEFN R EF ERENCES

ADDRESS 00001

0000ooo

00296 0171 0176 0198 0203
ADD2 CO 004 UÜÜ1BÓ 01038 1039
A HI GHER 00001 0000C8 00359 0350
A L L F O L K S 00C04 0G016E 00892 0890
ALOWER 00 001 GG0CC6 00355 0354
AREAS 00004 000142 00864 0914
BADBAD 00001 0000FA 00431
BEGONE 00001 000052 00114 0111
BLEAH 00001 00012Ó GC519 0466
BRANCH 00004 Q000C 2 00354 0349
BRANCHES 00001 000000 00CC2 1084
BRSAVË 00004 00C1D8 01083 0006
BRT ABLE 00004 0GG0F2 00429 0428
B R 14 C 0002 00002C 00017 0014 0015
BT ABL E 00004 0000FA 00459 0459
BXH1 00004 000 1 BA 01039 1037
BXLE1 CO 004 0 0 C 1A A 01035
BXLE2 00004 0 00 1 B2 01037 1035
BXLE3 00004 0 0 01B E 01040
9 Y P A S S I T 00004 GCCG4A 0G112 0110
BY T ES 00001 000 066 00139 0134 0137
C I R C L E 00002 000172 00899
CLOSE 00001 000126 00514 0461
COMPLETE 00001 00G1CC 01078 1043

§ CGGLCOOL CO 001 000126 00513 0460
DI A M E T ER 00008 G 0 019 8 00° 17 0913
D I S A S T E R 00001 0 0 012 e> 00522 0469
D ON TDO I T 00004 GG003E 00074 0071
DONTDOME 00004 GGGG98 00302 0306
ENDALL 00 004 G 0 l  1C 8 01043
E N U F 4 J A Z 000C1 00G 126 0051 5 0462
EXAMPLE1 00004 C0G078 0 G 19 7 0138
F15 00004 0GG0A4 OG 305 0302
F 240 00004 COOOAO 00304 0300
GETSCOLD 00001 Gu 0126 00517 0464
GOODASAU 00001 0 0 G12 ö 00512 0407 0416 0429
HALFGOPD 00001 G 0 0 0 E E 00417 0409 0430
H A L F P A S T 00001 GOO 126 00518 0465
I N D E X 3 A I 00001 00G12E 00607 0599
I N D E X 3 H I C00G1 G0012A 00585 0577
I N Q E X 4 H I 00001 000132 00646 0638
Ï N D X 5 L 0 # C00G1 0001CC 01079 1013
L O C A T I O N 00001 G0G1A4 01032 0019 0 391 0678 0689 0718 0768
MASK1 00001 GCOCBE 00351
MASK 2 00001 00G0BF 00352
MASK3 00001 OOOOCG 00353
MEDIOCRE 00001 Gu G126 00516 0463
MS KT ABLE 00002 0 0 C 17 2 00894 0865
NOADD 00004 u o G i  5 A 00880 0875
NQHALVE 0 o 0 u 4 000154 00875 0870
NOMLTPLY GO 004 000 1 óö 00890 0885
NGSQUARE 00004 O Q ui  60 00885 0880
° P C D S W1 00004 00 0 06 8 00170
0PCDFW2 00004 GOOC70 00175
PASSCONS L U U Ü 2 0 0 01A 4 0103 3

9/1//7Ü

0916



CROSS-REFERENCE PAGE 2

SYMBOL LEN VALUE DEFN REFERENCES

PHOOEY 000C1 COCOE2 00410 0398 0415
PI 00008 U00180 00904 0891
PICKUP15 C 0 0 0 2 00008A 00298 0301
RECTNGLE 00002 000176 00901
ROTTEN 00001 000126 00521 0468
RO 00001 OOGCOO 00858 0871 0871 0881 0881 0886 0891 0913
R 1 00001 0000G1 00859 0864 0865 0865 0866 0870 0870 0875 0875 0880 0880 0885 0885 0890 0890
R14 00001 GOOOGE 00862 0864 0892 0914
R 2 00001 GO0002 00860 0876 0886
R4 00001 0 ü G u C 4 00861 0876
SQUARE 00002 000174 00900
SWITCH 00004 000032 00071 0072 0073 0074
SWITCH2 000C4 0G0042 00110 0112 0113
SWITCH3 00004 0C00A8 003G6 0299 0303
TAKEDUMP 00002 CCG1C6 01042
TEST3SET 00004 G00052 00134 013 6
TRIANGLE 00001 0 0 C17 8 00902
TRPEZOID 00002 0C017A 00903
VC0NSVC3 00004 GCGC28 00016 0013
WALKONBY 00 004 00GG5 E 00137 0135
YECHHH 0 0C01 GOG 126 00520 0467

NO STATEMENTS FLAGGED IN THIS ASSEMBLY 
«STATISTICS* SOURCE RECORDS (SYSIN) =
«OPTIONS IN EFFECT* LIST, NODECK, LOAD, 
1206 PRINTED LINES

1084
NORENT, XREF, NOTEST, AL GN, OS, LINECNT 55

9/17/70



F44-LEV EL LINKAGE EDITOR OPTIONS SPECIFIED MA P,LET,LI ST,NCAL
VARIABLE OPTIONS USED - SIZE=<45056,6144)- DEFAULT OPTION(S) USED

IEWOOOO ENTRY UTILITY

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION

BRANCHE S 00 c 32
UTILITY 236 5A0

PRINT 29A PCHKRETN 4F6

ENTRY ADDRESS 238
TOTAL LENGTH 7D8

DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION



•  •

F.P. REGS. C0.03EC9A 1207E260 00.C00075 0C00G088 G0.13G190 C2C2C2C1 C3.C8C3C9 C3C3C2C3

REGS 0~7 FFFPFF2E C006BFF8 0C01D454 00000000 00G13CA0 C0000010 0001C888 C14C8000
REGS 8-15 GGG1D438 CCOOCQOO 00C1D460 00000000 6F05F82E 0005FAC0 0000C7D4 0005FD1E

cooooc OOGoOOGG GGOOGOOO 00000000 OCOOOOGO 0005F828 00000000 FFC6000G 8G00000 0 * .......
000020 CGC4QQ03 50006A3E FFC50001 6F05F9FC OOOCFFGO OOGGOOCG FE040131 8CG00A1E * ...... 0 . . .
0 0QG40 A 00 0136 G G8G000C0 A0001358 00005920 02C018A4 C00C996C 000400G0 00007498 * .......
0 0006 C 00C4000G GOO C7BC8 0C040000 00007588 00000000 00012D 10 0004G000 G000751A * ......

05F820 993 2D 20 2 41526000 90ECD00C 05C041F0 C1D250DF 0 00450 FD 000818 DF D703D008 * . .K. . . OAK.
05F84C D00858FG C02 2D201 F 000C026 47F0C028 G005FD1E 07FE47F0 C19E4700 C03896F0 *.. .0 . .

oo

05F860 C02047F0 C G2C940F C02D47F0 C04447F0 C04C97F0 C03D47F0 C03C93 00 C0604740 *. . .0 ..
os^sso C05847FC C04C940C C06047F0 C 0720000 97F0C067 470CC 082 97F0C06F 47F0C082
05F8A0 F706C072 4770C082 9706C07A 4780C082 1BEE18FE 44F0C0A2 56E0C09A 47F0C084 * ......
05F8CC 54ECC09E 47FCC0A6 GCCQCOF 0 0000000 F 47CGCC92 4120000A 41300014 192344F0 ❖ .....o
05F8E0 C0BC47FG CGC28040 200047GG C0C01A32 47F0C19E 12FF477 0 C0DC59F0 C21A4780 *.. .o.e
05F900 C12C59F0 C21E4780 C0E859F0 C21E4720 C0DC4740 C12047FF C0EC47F0 C12047F0 *A..OB. ...Y.OB . .• • • • A . . . . ..OA..0*
05F920 C0E847FF CCF447F 0 C12047FG C12047F0 C12047F0 C12047F0 C12047F0 C12047F0 * .Y . . .4 .OA..OA.. OA. .OA..OA. .GA..0*
G5F940 C12G47FG C12047F0 C12047F0 C 1208 634 C 1248634 C 1288645 C12C8633 C 19E 863 3 * A •.OA. .OA..CA... A. .. A . .. A .. .A. . .*
05F960 C19E8633 C19E8633 C19E481E 0G004811 C16C8910 00108611 C14E24C0 86 11C154 *A ...A.
05F98.0 2A248611 C15A2CGG 8611C 160 2C028611 C1686C00 C17A47FE G00254FF 10FF08FF *. . . • A.
05F9A0 000G68FF OOOGGOOO 413243F3 FG370C0D 6800C192 45E0C13C 000047F 0 C19E0000 ❖ ......
05F9C0 4219722D GE56G419 8758C1C6 18555870 C2228777 C1AC4A50 C2268777 C1B44A50 * ......
05F9E0 C 22 88677 C1B08777 C1C04B50 C22A0CC0 47F0C1C6 58DD0004 98ECDG0C 07FE5000 *B...A. ...... *
C5FA0C 415G5001 GOO 6b F6 8 GOOOOOOO 12334 780 9426 IB 11 16134106 C0000A4E 58F0703C ❖ ......
05FA20 9104F089 4780 942 6 4150501E 5 8FQ0010 58F0F03C 9108FG8 9 478G946C 58304138 *. .0 . . . ...... £
05FA4C 12334780 946 C 1211 COCOOOOO G0000004 A7053200 000C0002 0G035001 926B5000
05FA60 90ECD0GC 05C004F0 07G04110 C0100511 0F05FB04 7FFF0A0E 58B00010 911 OB 074

060020 4AGG96CE 4 0 0 5 G 0 G C 47F095C6 48609 B EE . 8 A600001 4770969E 48609C 26 41660001 * ...... ...... *



LL OOOOOOGOOOGO 000000000000 PPPPPPPPPPP ssssssssss WW WW PPPPPPPPPPP
LL GOOOOOOOOOOO 000000000000 PPPPPPPPPPPP SSssssssssss WW WW PPPPPPPPPPPP
LL 00 00 00 00 pp PP SS SS WW WW pp pp
LL 00 00 00 00 pp PP SS WW WW pp pp
LL 00 00 00 00 pp PP sss WW WW pp pp
LL 00 00 00 00 PPPPPPPPPPPP sssssssss WW WW PPPPPPPPPPPP
LL 00 00 00 00 PPPPPPPPPPP sssssssss WW WW WW PPPPPPPPPPP
LL 00 00 00 00 pp sss WW WWWW WW pp
LL 00 00 00 00 pp SS WW WW WW WW pp
LL 00 00 00 00 pp SS SS wwww wwww pp
LLLLLLLLLLLL 000000000000 000000000000 pp ssssssssssss WWW WWW pp
LLLLLLLLLLLL 000000000000 000000000000 pp ssssssssss WW WW pp

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 
9999999999



EXTERNAL SYMBOL DICTIONARY PAGE 1
SYMBOL TYPE ID ADDR LENGTH LD ID 14.10 9/16/70

LOOPSECT SD 01 OOOGOü 000132
PCHKRFTN ER 02

$



000000

000000
000001
000002
000003
000004 
C00005 
000006
000007
000008 
000009 
00000A 
00000B 
OOOOOC 
OOOOOD 
COOOOE 
OOOOOF

LOC OBJECT CODE ADDR1 ADDR2

000000 90 EC DOOC OOOOC
000004 05C 0
000006
000006 41FO COBA OOGCO
DOOOOA 50FD 0008 00008
0 0 0 0 0 E 50DF 0004 00004
000012 18DF
000014 D703 DG08 D008 00008 00008

SOURCE STATEMENT

LOOPSECT CSECT
COPY MHMBEGIN

RO EQU 0
R 1 EQU 1
R2 EQU 2
R3 EQU 3
R4 EQU 4
R5 EQU 5
R6 EQU 6
R7 EQU 7
R8 EQU 8
R 9 EQU 9
RIO EQU 10
Rll EQU 11
R 12 EQU 12
R 13 EQU 13
R14 EQU 14
R15 EQU 15

STM R14,R12,12(R13)
BALR R 12 t 0
USING **R12
LA R 15 * SAV EARE A
ST R15 t 8(R13 )
ST R13,4(R15)
LR R13,R15
XC 8(4*R13 ) f 8(R 13)

* END OF STANDARD ENTRY
PRINT OFF

STMT

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

PAGE 1

F08 APR70 9/16/70

SAVE THE CALLER'S REGISTERS 
ESTABLISH PROGRAM BASE 
LET THE ASSEMBLER KNOW• 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN 
FORWARD CHAIN 
ESTABLISH MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

LINKAGE CONVENTIONS.

0 0 0 00100
00000200
00000700
00000800
00000900
000010Ó0
0 0 0 01100
0 0 001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00000300



SAMPLES FOR PROGRAM LOOPS WORKSHOP PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR 70 9/16/70

35 £
36
37 *
38 ❖

40 jjt--
41 *
42 *
43 ❖
44 *
45 *
46
47 ❖
48 *
49 *
50 *
51 $
52 *
53 *
54 sit
55 sit
56 *
57 sit
58 Jit—

* PROGRAM LOOPS WORK-SHOP SAMPLES. *
# —— — — ------------- — — ----------------------— —  sit

IN THE LECTURE SESSION ON LOOPS, YOUR INSTRUCTOR DEFINED 
TWO NEW TERMS, WHICH WERE DESCRIPTIVE OF CERTAIN TYPES OF 
LOOPS. THE TERMS WERE: 'LEADING DECISION' AND «TRAILING 
DECISION'. KNOWING WHAT YOU DO ABOUT THESE TWO TYPES, 
DETERMINE WHETHER EACH OF THE LOOPS IN THE FOLLOWING 
QUESTIONS IS A 'LEADING' OR 'TRAILING' DECISION, AND 
CIRCLE YOUR CHOICE.

FOR YOUR INFORMATION, EACH LOOP PERFORMS THE SAME ‘FUNC TI ON 
AS EACH OF THE OTHERS, THAT OF SUMMING ALL THE HALF-WORD 
VALUES LOCATED IN 'LI ST1'. THE HALF-WORD CALLED 'LIST1LEN' 
CONTAINS A NUMBER WHICH TELLS US HOW MANY VALUES ARE TO BE 
SUMMED FROM 'LIST1' .

THE CORRECT SUM OF «LI ST1• IS X'FO* OR 240.

0 0 0 0 1 0 0 0
00001100
00001200
00001300

00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
0C003100
00003200
00003300



o
 o

SAMPLES FOR PROGRAM LOOPS WORKSHOP PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

60 QUESTION 10.1 00003500
61 * 00003600
62 * 'EXAMPLEA' IS A {LEADING/TRAILING) DECISION LOOP. 00003700
63 £ 00003800
64 00003900

00C02A 4810 C12 0 00126 66 EXAMPLEA LH RltLISTlLEN GET THE NUMBER GF TERMS. 00004100
0C002E 1B22 67 SR R2 t R2 ZERO RESULT REGISTER 00004200

68 * 00004300
00C030 1211 69 LTR R1»R1 ARE THERE ZERO TERMS TO SUM ?? 00004400
000032 4780 C03E 00044 70 BZ ENDEXA YESt RESULT IS IN REG 2 ALREADY. 00004500

71 * 00004600
000036 1B33 72 SR R 3 t R 3 INITIALIZE INDEX TO ZERO 00004700
000038 4A23 C 102 00108 73 LOOP EXA AH R2,LIST1(R3) ADD A VALUE TO THE SUM. 00004800
00003C 4133 0002 00002 74 LA R3 12(R3 ) BUMP THE INDEX BY LENGTH OF A HALF-WORD 0000490C
000040 4610 C032 0003 8 75 BCT Rit LOOPE XA CONTINUE SUMMATION 'TIL LIST IS EXHAUSTED 00005000
000044 76 ENDEXA EQU ♦ 00005100
000044 0000 77 DC

3?3*®eoX % USE THE DUMP TO CHECK THE ANSWER IN R2. 00005200



F.p. REGS. OC.COCCOO ÜOOOOOOO 00.000000 OOOCOOOO 00.000000 00000000 00.000000 05050505

REGS 0-7 FFFFFF2E 00000000 OOCOOOFG 0000001E 00015230 00015F98 0001BEC8 00019598
REGS 8-15 GC01C260 00000000 0001C288 00000000 6F02A12E 0002A1E8 OOOOC7D4 0002A51E

000000 0000GOOG GOOOGGOO 00000000 uOOOOOCO 0002A128 OCOOOOOO FFÜ60080 80000000 * •
00GG20 0004C003 50006A3E FFC50001 6F02A16E OOOCFFOO 00000000 F E040230 80000A1E *.
0 CO040 00036C98 GC0000G1 000014D0 00005920 02C031A4 0000996C C0040000 00007498 *. ............ ............*
000060 00040000 00007BC8 00040000 00007588 00000000 00012010 000400C0 000075 IA * .

02A120 00000OOG 00000000 90ECD00C 05C041F0 C0BA50FD 000850DF 000418DF D703D0C8 * .
02A140 DG0858FG C122D201 F000C022 47F0C024 07FE4810 C1201B 22 12114780 C03E1B33 *. <oo

02A160 4A23C102 41330002 461OC 03 2 00004850 C1201B22 1E 554780 C0604130 C10 21A 53 * .
0 2 A18 C 065C414G 00G24A23 00008734 C 05 80000 48 IOC 120 17221832 12114780 C08C4A2 3 * i
C2A1A0 C10 2413 3 0G024B10 C12647F0 C06A0000 D701C120 C12058F0 C122D201 F000C128 * A• • • •...A..O....P.A.A..OA.K.O.A.*
02A1C0 481CC12G 1B221B33 4610C0A2 47F0C0AE 4A23C102 4A30C12A 47F0C09A 000058DD *. *o<<o
02A1E0 000498EC D0GC07FE 00000000 00036768 00000000 OOOOOOGO OOOOCOOO 00000000 * .
C2A200 000000GG OOOOCOOO 00000000 00000000 00000000 00000000 OOOOOOGO OOOOOOGO * . .................. ..... #
02A220 0 COOOOGC 00000000 00000000 00000000 001E001C 001A0018 00160014 00120010 * . ........................*
02A240 OOGEOCOC 000A0008 0C060004 0C02000F 0002A5IE 0C010A03 00020000 OOOOCOOO
02A260 90ECDGGC 05C004F 0 07004110 C0100511 0F02A304 7FFF0A0E 58B00010 911GB074 * •

02A820 4AG09BDE 40050000 47F095C6 48609BEE 8A6C0001 4770969E 48609C26 41660001



SAMPLES FOR PROGRAM LOOPS WORKSHOP PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMTSTMT

79 * .
80 *
81 *
82 *
83 *
84 ❖
85 *
86 *
87 *
88 *.

SOURCE STATEMENT F08APR70

ANSWER 1C.1

'EXAM PLEA* IS A «TRAILING DECISION* LOOP. NOTICE THAT THE 
LOOP WILL BE EXITED FROM WHEN THE VALUE IN REGISTER I IS 
EQUAL TO ZERO. ALSO NOTICE THE POSITION OF THE INSTRUCTION 
THAT ALLOWS US TO GET OUT OF THE LOOP WHEN THIS CONDITION 
OCCURS (IT IS AFTER THE WORK-PERFORMING PART OF THE LOOP) 
THEREFORE» THIS IS A «TRAILING DECISION'.

00005400 
00005500 
00005600 
00005700 
000 05 BOO 
00005900 
0C006000 
00006100 
00006200 
00006300

9/16/70

90 * * # # * S}£ #:}: * 3{C # * # # # # £ * # # * * # # # # QUESTION 10.2 ****************************** 00006500
91 * 00006600
92 ❖ •EXAMPLES' IS A (LEADING/TRAILING) DECISION LOOP. 00006700
93 * OG 006 800
94 ** * **************** #*##**£#* ***:$:*#*# *##****# 00006900

000046 4850 Cl 2 0 00126 96 EXAMPLES LH R5,LIST1LEN GET THE NUMBER OF TERMS. 00007100
CC004A 1B22 97 SR R 2 » R 2 ZERO THE RESULT REGISTER 00007200

98 * 00007300
00004C 1E 55 99 ALR R 5 » R 5 NUMBER OF TERMS TIMES HALF-WORD SIZE. (2) 00007400
00004E 478C C 060 00066 100 BZ ENDEXB NO VALUES, EXIT FROM LOOP. 00007500

101 0000760C
C 0 0 0 5 2 4130 C 102 00108 102 LA R3 » L IS T 1 GET ADDRESS OF LIST TO BE ADDED. 00007700
000056 1A 53 103 AR R5,R3 SET UP ADDRESS OF UPPER END OF LIST 00C07800
000058 0650 1 04 BCTR R 5 » 0 SUBTRACT 1 FOR BXLE. 00007900
0 0 0 0 5 A 4140 0002 00002 105 LA R 4 »2 SET INCREMENT FOR INDEXING THRU LIST. 00008C00
00C05E 4A23 0000 OOOCO 106 LOOPEXB AH R 2 » 0 ( R 3 ) ADD A VALUE TO THE SUM. 00008100
000062 8734 C 05 8 000 5 E 107 BXLE R3»R4,LOOPEXB CONTINUE SUMMATION «TIL LIST IS EXHAUSTED 00008200
000066 1 08 ENDEXB EQU * 00008300
000066 0000 109 DC H'0' % % % % TAKE A LOOK AT REG. 2 FOR THE SUM. 00C08400



F •P . REGS

REGS 0-7 
REGS 8-15

000000
000020
000040
000060

02A120 
0 2Al40 
02A160 
02A180 
02A1A0 
02A$LC0 
02Al EO 
02A2Q0 
02A220 
O 2 A 2 4 O 
02A260

02A82C

00•COQOGO 00000000 0 0 .0 0 0 0 0 0 ocooocoo 00.000000 ÜOOOOOOO 00.000000 05050505

FFFFFF2E 00000000 OOOOOOFO 0002A24E 00000002 0002A24D 0001BEC8 00019598
0C01C260 00000000 0001C288 COOOOOOO 6F02A12E 0002A1E8 0000C7D4 0002A51E

OöOOOGOC OOOOGO00 00000000 00000000 0002A128 COOOOOOO FF060080 80C00000 * ....................................... *
FFC50003 6F007588 FFC50001 6F02A190 OOOOFFOO OOOCOOOO FE040132 80000AG6 *. E ........E .......................... *
Q00G136C 0800G00G E00014D0 00005920 02C031A4 0000996C 00040000 00007498 * ....................................... *
00040000 000G7BC8 00040000 0C007588 00000000 00012010 00040000 0000751A ♦ ........H .............................*

OOGCCCOO OOOOGOOO 90ECD00C 05C041F0 C0BA50FD 0G0850DF 00C418DF D703D008 * ................. O .............. P...*
D0G858FG C122D201 F000C022 47F0C024 07FE4810 C1201B22 12114780 C03E1B33 *...OA .K .O ....O ...... A .............*
4A23C102 41330002 461CCC32 C000485G C1201B22 1E554780 C060413C C1021A53 *..A...............A .............A...*
065C414C G0024A23 00008734 C0580000 4810C120 17221832 12114780 C0804A23 * ..................... A ............... *
C 10 24133 GGG24B10 C12647F0 C06A0000 D7G1C120 C12058F0 C122D201 F000C128 * A ........ A..G....P.A.A..OA.K.O.A.*
4 81GC12 0 1B221B33 4610C0A2 47F0C0AE 4A23C102 4A30C12A 47F0CG9A 000C58DD *..A........... 0....A...A..0.......*
000498EC DG0CG7FE OOOOGOOO 00036768 00000000 COOOOOOO 00000000 00000000 * ...........  *
00000000 OOOOGOOO 00000000 OCOOOOOO 00000000 OOOOGOOO OOOOOGOü 00000000 * ....................................... *
00000000 OCOOOOOO 00000000 00000000 001E001C 001A0018 00160014 0012001C * ...........................  *
OOOEOOOC 000AGG08 00060004 0002000F 0002A51E C0C10A03 00020000 00000000 * ....................................... *
9 OECDOOC C5C004F0 07004110 C0100511 0FC2A304 7FFF0A0E 58B0GG10 911CÖ074 * ........C .............................*

4ACG9BDE 40050000 47F095C6 48609BEE 8A6C0001 4770969E 48609C26 416600C1 * .......... O.F....... ................ *

O)



SAMPLES FüR PROGRAM LOOPS WORKSHOP PAGE 5

111 * ...................................................................................  00008600
112 * ANSWER 10.2 00008700
113 * 000C8800
114 * * EXAMPLEB' IS ALSO A «TRAILING DECISION* LOOP, BECAUSE THE 00008900
115 * ÖXLE INSTRUCTION DECIDES WHEN WE ARE DONE. 00009G00
116 * ....................................................................................  00009100

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

H 8 JÉ************************** QUESTION 10.3 ***************************** 00009300
119 * 00009400
1 2 0 *  « EXAMPLEC * IS A (LEADING/TRAILING) DECISION LOOP. 00009500
121 * 00009600
122 *********************************************************************** 00009700

000068 4810 C12 0 00126 124 EXAMPLEC LH R1 , LIST1LEN GET NUMBER OF VALUES IN •LI ST 11• 00009900
00006C 1722 125 XR R2,R2 INITIALIZE SUM TO ZERO. 00 01 0C00
00006 E 1832 126 LR R3,R2 INITIALIZE INDEX REGISTER TO ZERO. 00010100
000070 1211 127 LOOPEXC LTR RltRl ARE THERE ANY VALUES LEFT ?? 00010200
000072 4780 C08C 00086 128 BZ ENDFXC NO, EXIT FROM THE LOOP. 00010300
000076 4A2 3 C 102 00108 129 AH R 2 ,LIST1(R3 ) YES, ADD A VALUE TO THE SUM. 00010400
00007A 4133 0002 00002 130 LA R3,2(R 3 ) BUMP THE INDEX BY THE SIZE OF A HALF-WORD 00010500

« C0007E 4B10 C 12 6 0012C 131 SH R1»=H*1' REDUCE COUNT OF REMAINING VALUES BY 1. 00010600
10 000082 47F0 C 06 A 00070 132 B LOOPEXC AND CONTINUE SUMMING TO END OF *LIST1• • 00010700
000086 133 ENDEXC EQU * 00010800
0C0086 0000 134 DC H* 0 * % % % % LOOK AT THE VALUE OF REG. 2 IN THE DUMP. 00010900



F.e.

REGS

REGS . 0 0 .0 0 0 0 0 0 OOOOOOOO

0-7 FFFFFF2E OOOOOOOO
8-15 00G1C260 OGCOOOOO

OC.CCOOOO OOOOOCOO CO.COOOOG OOOOOOOO 00.000000 05050505

00000002 0002A24D 0001BEC8 00019598 
6F02A12E 0002AlE8 0000C7D4 CC02A51E

OOOCOO OOOOOOOO OOOOOOOO OOOCOOOO OOOOOOOO 0002A128 OOOOOOOO FF060080 80000000 * ..
000020 FFC50003 6FG07588 FRC50001 4F02A1B0 OOOOFFOG OOOOOOOO FF05C232 BCQ4ED5 6 *.E
000040 0 0000 OOG 04000000 000G14DC 0G005920 02C004A4 0000996C 0004C0CG 00007498 *. .
000060 0 0 0 4 0 0 0 ij 00007BC8 00040000 00007588 OOOOOOOO 00012D10 C0040C00 0000751A # . .

02A120 OOCOOOGG OCOOOOOO 90 ECDOOC 05C041F0 C0BA50FD 000850DF 000418DF D7C3D008
C 2Al40 DG0858F0 C122D201 FC00C022 47F0C024 07FE4810 C1201B22 12114780 C03E1B33 *. .
02A160 4A23C102 41330002 4610CC32 00004850 G1201B22 IE 554780 C060413Q C1021A53
02A180 065C414G 00024A23 00008734 C0580000 48 IOC 120 17221832 12114780 CG804A23 * . .
02A1A0 C 1024133 00024B10 C12647F0 C06A00C0 D701C120 C12058F0 C122D201 F000C128 *A.
02A1C0 481OG120 1B221B33 4610C0A2 47F0C0AE 4A23C102 4A3GC12A 47F0C09A 0000580D * . .,
02A1E0 00C498E G D0CCG7FE OOOOOOOO 00036768 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO *. .
02A200 OOOOOOOO GC000000 OOOOOOOO OOOOOOOO OOOOOOOO OCOOOOOO OOOOOOOO OOOOOOOO *. .
02A220 OCGCGGOO OOOOOOOO OOOOOOOO OOOOOOOO 001E0C1C 0C1AG018 00160014 00120010 ❖ . .
02A24C OOOEOOOG 00GAG008 0006CC04 0002000F 0002A51E G0010A03 00020000 OOOOOOOO * . .
02A260 9 OECDGOC 05C0G4FC C7004110 C0100511 0F02A304 7FFF0A0E 58B00010 911GBC74 * . .

02A820 4A009BDE 40050000 47F095C6 48609BEE 8A6000G1 4770969E 486G9C 26 41660001 * . .

. OA • K • O .

. O . F •



SAMPLES f o r p r o g r a m l o o p s w o r k s h o p PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

136 * ....................................................................................  00011100
137 * ANSWER 10.3 00011200
138 * 00011300
139 * 'EXAMPLEC1 IS A 'LEADING DECISION' LOOP, BECAUSE THE VALUE 00011400
140 * OF REGISTER 1 (WHICH CONTROLS THE LOOP) IS CHECKED AT THE 00011500
141 * START OF THE LOOP, BEFORE ANY OF THE OPERATION OF SUMMING 00011600
142 * IS BEGUN. 00011700
143 * ....................................................................................  00011800

000038 D701 C 120 C12G GC126 00126 145 XC LIST1LEN,LIST1LEN
146 PRINT OFF
150 ## $ # # * £ sje # # # # # # * # # * % # £ QUESTION 10.4 *##*#*#**#£*#***#**#*#*##*#*:
151 *
152 * 'EXAMPLED * IS A (TRAILING/LEADING) DECISION LOOP.
153 *
154

C 0 0 0 9 8 4810 C12C 00126 156 EXAMPLEC LH R1,LIST1LEN GET NUMBER OF VALUES IN 'LI ST1'•
00009C IB 22 1 57 SR R2.R2 ZERO THE ACCUMULATOR.
00C0Q E 1B33 158 SR R3,R3 ZERO THE INDEX REGISTER.
OOCOAO 4610 c:A2 0Q0A8 159 LDOPEXD BCT R 1 ,L Ü0 PD2 TEST THE NUMBER REMAINING.
000CA4 47FC COA E 0GGB4 160 B ENDEXD ALL DONE, EXIT FROM LOOP.
0 0 0CA8 4A23 Cl 02 00108 161 L0QPD2 AH R2,LIST1(R3) ADD A VALUE TO THE SUM.
OOGCAC 4A3C C 12 A 00130 162 AH R3, = H* 2' BUMP INDEX BY LENGTH OF A HALF-WORD.
OOOOBO 47F0 CG9 A 0 0 0 A 0 163 B LGOPEXD CONTINUE UNTIL •LI ST 1' IS EXHAUSTED.
0000B4 164 ENDEXD EQU ❖
00GOB 4 0 C 0 0 • 1 65 DC H* 0 ' % % % % CHECK THE VALUE OF REG. 2 IN THIS DUMP.

00012000
00012100
00012500
00012600
000127C0
00012800
00012900

00013100 
00013200 
0Ü0133CG 
00013400 
00013500 
00013600 
00013700 
0001380C 
0 0 0 13 9 0 C 
00014C C C



LOC

SAMPLES FOR Pk ü G k AM LOOPS WORKSHOP PAGE 7

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

167 * .................. .................................................................. 00014200
168 * ANSWER 10.4 00014300
169 * 00014400
170 * 'EXAMPLED' IS ALSO AN EXAMPLE OF A 'LEADING DECISION' LOOP. 00014500
171 * NOTE THAT IT USES THE •BC T• INSTRUCTION TO DO IT'S DECISION 00014600
172 * MAKING FOR IT. 00014700
173 * 00014800
174 * ....................................................................................  0 CO 14900

177 ************************** TROUBLE ANALYSIS PROBLEM 10.1 **************
178 *
179 * LOOK AT THE FOLLOWING DUMP AND FIND OUT WHY 'EXAMPLED'
180 * FAILED TO WORK PROPERLY.
181 *
182 ***NOTE: IF YOU FIND YOURSELF HAVING DIFFICULTY GETTING STARTED, THERE
183 * IS A SERIES OF QUESTIONS AFTER THE DUMP THAT WILL GUIDE YOU
184 * TO THE PROBLEM AND IT'S SOLUTION.
185 *
186 ***********************************************************************

00015200
00015300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
00016100



F . P . REGS. OG.0COOGO OOOOOOOO 0 0 .0 0 0 0 0 0 ooocccoo

REGS 0-7 FFFFFF2E FFFD5117 037FDDC 2 00055DD0
REGS 8-15 0 0 01C 2 6 0 OOOOOOOO 0001C288 OOOOOOOO

CO.OCOOOO OOOOOOOO 00.000000 G50 50 50 5

G0000002 0002A24D 0001BEC8 00019598 
6F02A12 E 0002A1E8 0000C7D4 0002A51E

000000 0 u G 0 0 u C 0 OOOOOOOO OOOOOOOO OOOOOOOO 0002A128 OOOOOOOO FF060000 80000000 * ...... ........... ......... ^
000020 FFE 50001 4007EA2C FFC50005 AF02A1D4 OOOOFFOO OOOOOOOO FFC50132 AF02A1D0 ❖ .V - - «
0C0040 OOOOOOOG 04000000 F00014D0 00005920 02C022A4 C000996C 00040000 00007498 * ......
QCQ06C 00040000 G0007BC8 00040000 00007588 OOOOOOOO 00012010 00040000 0000751A * ......

0 2 A 12 0 OOOOOOOO OOOOOOOO 90ECD00C 05C041F0 C0BA50FD 000850DF 000418DF D703D008 * t
0 2 A14 0 D00858F0 0 122D201 F C00CO22 47F0C024 07FE4810 C12G1B22 12114780 C03E1B33 *...OA ,
C2A160 4 A2 3010 2 41330002 461OC 032 00004850 C1201B22 1E 5547 80 C0604130 C 10 21A 53 * . .A. . ,
02A180 06504140 00024A23 00008734 C0580000 48 IOC 120 17221832 12114780 C08G4A23 ❖ ......
02A1A0 C 1024133 0002 4B10 C12647F0 G06A0000 D701C120 C12058F0 C122D201 F000C128 * A . . . . ,. . . A . . G . . *<o<o<<Cl

02A1C0 481ÖC12G 1B221B33 4 6 10C0A2 47F0C0AE 4A23C102 4A30G12A 47F0C09A 000058DD * . .A..<
C2A1E0 000498EC DC0C07F E OOOOOOOO 00036768 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO *......
02A 2 0Q 0 0000 000 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO * ......
02A220 0 C 0 0 0 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO 001EC01C 001A0018 C0160C14 00120010 # ......
02A240 OOOEOOOC OOOA0008 00060004 00020000 0002A51E G0010A03 000200CO OOOOOOOO ❖ ......
C 2 A 2 6 0 Q0ECD0ÖC 05C0Ü4FG 07004110 C0100511 0FC2A3Ü4 7FFF0A0E 58B00010 911GB074 ❖ .....,

02A 82 0 4 A009BDE 40050000 47F095C6 48609BEE 8A600001 4770969E 48609C 26 41660001 * ......



SAMPLES FOR PROGRAM LOOPS WORKSHOP PAGE 8

LOG OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

188
189
190
191
192
193
194
195
196
197
198
199
200  
201 
202
203
204
205
206 
2 07 
208
209
210 
211 
212
213
214
215
216
217
218
219
220 
221  
222
223
224
225

*
* TO GIVE YOU SOME ASSISTANCE IN ESTABLISHING A DIAGNOSTIC
* APPROACH TO THE SOLUTION OF PROGRAM POOBLEMS, THE FOLLOWING
* IS A LIST OF QUESTIONS THAT I WOULD ASK MYSELF IF I WERE
* DEBUGGING THIS DUMP. THIS, OF COURSE, IS USING THE TECHNIQUE
* OF REDUCING A PROBLEM TO A SERIES OF PERTINENT QUESTIONS.
* THE QUESTIONS ARE AS FOLLOWS, AND WOULD BE ASKED IN THE ORDER
* GIVEN. YOU MAY WRITE YOUR ANSWERS BELOW EACH QUESTION. THE
.* COMPLETE SET OF ANSWERS FOLLOW, BUT YOU SHOULD NOT NEED THEM
* AS YOU SHOULD BE ABLE TO GENERATE YOUR OWN CORRECT ANSWERS.
*
* 1. FOR WHAT REASON DID THE PROGRAM ABNORMALLY TERMINATE ?
* (WHY DID THE DUMP OCCUR ?)
*
* 2. WHERE IN STORAGE DID THIS FAILURE OCCUR (ADDRESS) ?
*
*
❖
*
❖
❖
*
*
*
*

*
*

3. WHERE IS THAT IN THE PROGRAM (DISPLACEMENT) ?

4. HOW DID THIS INSTRUCTION CAUSE THAT PARTICULAR PROBLEM ?

5. HOW COULD REGISTER 3 GET THAT LARGE ?

6 . WHAT REGISTER CONTAINS THE COUNT THAT CONTROLS THE LOOP ?

7. WHAT DOES IT CURRENTLY CONTAIN ?

8 . WHAT VALUE WAS USED TO INITIALIZE REGISTER 1 ?

9. WHAT IS THE CURRENT VALUE OF "LIST1LEN" ?

* 10. SHOULD THAT BE VALID ?

* 11. IF IT IS VALID, IT SHOULD BE TESTED FOR IN THE P R O G R A M .
* OK, ADD THE CODE THAT WOULD TEST FOR A ZERO VALUE OF
* "LIST1LEN", AND YOU WILL HAVE SOLVED THE PROBLEM.
*

00016300 
00016400 
00016500 
00016600 
00016700 
00016800 
00016900 
00017000 
00017100 
COO 17200 
00017300 
00017400 
00017500 
00017600 
00017700 
000178C0 
00017900 
00018000 
00018100 
00018200 
00018300 
000184C0 
00018500 
00018600 
00018700 
00018800 
00018900 
00019COG 
00019100 
00019200 
00019300 
00019400 
00019500 
00019600 
0C019700 
00019800 
00019900 
00020000



S
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M
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LO

OP
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W
O
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PA
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P
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o o  o O o O o o o O o o o O o o O O o o o o o o o o o o
o o  o O o O o o o O o o o o o O  o O o  o o o o o o o o o
CM m  4- in >0P- co O' o r—4CM CO 4- in vO oo O' O H CM CO m vO r̂ ao
o o  o o o o o o rM f—11-4 H r-4 i—t«>4 i—4i—(r—4CM CM CM CM CM CM CM CM CM CM
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM
O O  O o o O O o o O O O O O O O  O O O O O o O O O O O O
o o  o o o O o o o o O O o o O O O O o O O o O o O O O o
o O  O o o o o o o o O o o o O O O O o O o o O o O O o o

if if
if • •> if
if m Q if
if 00 z 4—4 LU if
if <£ < -J o if
if m X < o if
if X b“ > o if
* z if
* 1! CL 4—4 UJ if
if UJ X if
* m P LU 1— if
if 0o

«£
CL ao if

if < LL if
if -J Q • CD if
if _i P if
if oc 00 P 00 00 if
if o *—« O 00 • if
if X LO UJ Z if
* X X LO LU z < if
if • o b- UJ CL if
if ' — 1 >—4 o < > CD if
if XZ X • CL b- 4—4CD if
if u — is • CL • UJ 00 h- CL if
if UJ o oo LU r NJ O CL if
* X 0 •» UJ CO z X LU if
if o * Z Z jj u. -1 LL UJ if
if Ï o • 4—< P —j o -J LL X if
if X c* o UJ 1- z H < LU H- if
if < o o Z i- LU o if
* CL o 4—t V UJ 00 • P 4-4 LU O if
if cd X 00X z • > 4—4 O -1 LL X H— if
if o - o < CL 4—1 -J < 4-4 b~ if
if CL • • X < z o h- r OO > o Q if
if 0. m — z o < -J LU ^L Q if
if «—» O 00 II o -J CD z < < CL O < if
if < o UJ o P 00 UJ if
if z o — — CM 1— LU z 0C a > X O if
if o X CM 1-4 X LL LU X CL o H if
if 4—4 o in Q h- < 3: LU if
if f— g h- r-4 UJ Q >- Z CL LU if
if Qu Z — 00 1— 00 00 JJ —i z z a if
if UJ X UJ X 1—) X -J z D i- o < i- 4-4 if
if o z X u □ 1—4 < z oo CL p —J if
if X z UJ + i- UJ CL < O UJ < CD p if
if UJ CD o X K h- -1 a: UJ O or o if
if 4—4 < CO z UJ Z z CL a: a: I— -1 if
if o h- -J 1—4 □ CD 00 p a. 00 p if
if z < a. o 00 o O t—t u CD z CD if
if 1—4 O oo LU 00 < Z LU »_l _S if
if oo O »■*■! OC OO IS r—4 (“O I—1 s X if
if oo _J Q UJ z LO K OC P if
if UJ + CL Q- CL Q£ ocr LU 4—4 p o if
if a: UJ Z O O LU LU LU -J 00 o X if
if o o < CM □ o h- H- H- i—4 LU 00 X if
if a < a: r—1< -J 00 oo 00 h- CL LU K if
if < CL o 1—1 t—4 1—4 00 LU -J h- < if
if O c CD X UJ CD CD CD 1—4 X z LU X if
if z 1- O' UJ Z X LU UJ LU mJ h~ p _J 1— if
if < oo CL CL < h- CL CL O' £ if
if • • if
if CD r—A if
if *-* CM CO 4" in s0 X 00 O' if

if
if
if
if
if
if
if
if

if if if if if if if if if if if if if if if if if if if if if if if if if

o CM CO in sC r- CO O' O CM CO 4- in v0 h- ao O' O CM CO 4-
CO co CO CO CO co m co CO CO •4- '4’'t •4- 4- vt 4- 4- 4- in in in in in
CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM

CM
CL
QQ
<

CLO
Q
<

OJ
O
o
o

o

co
o

8



LOC

SAMPLES POR PROGRAM LOOPS WORKSHOP. PAGE 10

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

256
257
258
259
260 
261 
262 
2 63 
2 64
265
266
267
268
269
270
271
272
273

ANSWER THE FOLLOWING QUESTIONS ABOUT THE PRECEEDING EXAMPLES.

1. WHICH INSTRUCTIONS IN ”E XAMPLEA" TEST FOR THfc "ZERO- 
SPECIAL CASE” CONDITION ?

2. WHICH INSTRUCTION!S) SETS UP THE ADDRESS OF THE NEXT ITEM 
IN THE LIST FOR EACH OF THE FOLLOWING ROUTINES ?

A. ”EXAMPLEA” ?
B. ”EXAMPLEB” ?
C. "EXAMPLEC" ?
D. "EXAMPLED” ?*

*
❖
*
$
*******************************************:{£****:$£***#***********#*#****

IN "EXAMPLEB” , WOULD THE LOOP STILL WORK IF THE 1 ALR* 
WERE REPLACED BY ' SLL R5 ,1 1 ?

00023100 
00023200 
00023300 
00023400 
00023500 
00023600 
00023700 
00023800 
00023900 
00024000 
00024100 
00024200 
00024300 
00024400 
00024500 
00024600 
00C24700 
00024800



SAMPLES PGR PROGRAM LOOPS WORKSHOP PAGE 11

LOC OBJECT CODE ADDR1 ADDR2 STMT 

2 75 * ,

SOURCE STATEMENT F08APR70 9/16/70

00025000
276 00025100
277 * ANSWERS FOR THE PROGRAM LOOPS WORK PRUJECT. 00025200
278 * 00025300
279 * 1. THE TWO INSTRUCTIONS ■ LTR R1,R1 ■ AND • BZ ENDEXA • 00025400
280 * TEST FOR A LIST CONTAINING ZERO ITEMS. 00025500
281 * 0002560u
282 * 2. EACH OF THE FOLLOWING BUMPS THE POINTER ADDRESS TU THE 0002 5700
283 NEXT ITEM TO BE HANDLED IN THE LIST. 00025800
284 ❖ A. LA R3,2(R3) 00025900
285 * B. BXLE R 3 ,R4, LOOPEX B 00026COO
286 * C. LA R31 2(R3) 00026100
2 87 D. AH R 3, =H * 2• 00026200
288 * 00026300
289 * 3. NOT COMPLETELY, BECAUSE THE 'ALR' IS BEING USED TO TEST 00026400
290 ❖ FOR A ZERO ITEM LIST AT THE SAME TIME, AND THE '1 SLL • 00026500
291 WOULD NOT SET A CONDITION CODE TO INDICATE A ZERO ENTRY 00026600
292 * LIST. 00026700
293 £ 00026800
294 * CC02690C

0 0 0 0 B 6 58DD 0004 00004 296 L R 1 3 , 4 ( R 1 3 ) 0G027100
0 0 0 OB A 98FC DOOC OOOOC 297 LM R 1 4 , R 1 2 , 1 2 ( R 13) 00027200

^  OOuQB E 
o

07 F E 298 BR R.14 0 G 0 2 7 3 0 0

COOGCO 300 S A V E A R F A OS 18F 00027500
0C0108 O01EQO1CGO1AOO18 301 L I S T 1 DC 1 5 A L 2 I L I S T 1 L E N - * )  T HE S E  ARE THE V A L U ES  TO BE ADDED. 0G0276G0
000126 00 OF 302 L I S T 1 L E N DC A L 2 ( ( L 1ST 1 ) /L * L I  S T 1} NUMBER OF I TEMS TO BE ADDED. 00027700
000000 303 FND LOOPS ECT 0002 7 8 00
C00128 OOCCCOOO 3 04 = V ( P C H K R E T N )
00012C 0001 305 = H" 1'
00012F 0A03 306 = X •0 A 0 3 '
o c : i 3 c 0002 307 =H * 2 *



RELOCATION DICTIONARY PAGE 1

POS.ID REL.ID FLAGS ADDRESS 9/16/70

Cl 02 1C 000128

vi



CROSS-REFERENCE PAGE 1

SYMBOL LFN VALUE DEFN REFERENCES

BR14 0 0 C 0 2 000028 00032 0030 0031
ENDEXA 00001 000044 00076 0070
ENDEXB 00001 000066 00108 0100
ENDEXC 00001 000086 00133 0128
ENDEXD 00001 0000B4 00164 0160
EXAMPLEA 00004 00002A 00066
EXAMPLES 00004 000046 00096
EXAMPLEC 00004 000068 00124
EXAMPLED 00004 000098 00156
LIST1 00002 000108 00301 0073 0102 0129 0161 0302
LIST1LEN 00002 000126 00302 0066 0096 0124 0145 0145
L 00PD2 00004 00GOA8 00161 0159
LOOPFXA 00004 000038 00073 0075
LOOPEXB 00004 00005E 00106 0107
i_OOPEXC 00002 000070 00127 0132
LOOPEXD 00004 OOOOAO 00159 0163
LOOPSECT 00001 000000 00001 0303
RO 00001 OOGGOO 00003
R 1 00001 000001 00004 0066 0069 0069 0075 0124
RIO 00001 COGOOA 00013
R 11 C0001 0 0 o G 0 B 00014
R 12 C0C01 000 GOC 00015 0019 0020 0021 0297
R 13 00 001 GOGOOD C 0 016 0019 0023 0024 0025 0026
R14 0 0C01 OGOOQE 00017 0019 0032 0297 0298

ni R15 C0001 000GOF 00018 0022 0023 0024 0025 0029
W R2 00001 000G02 00005 0067 0067 0073 0097 0097

R 3 00001 000003 00006 0072 0072 0073 0074 0074
0161 0162

R4 00001 000004 00007 0105 0107
R 5 C3001 G0CGG5 00008 0096 0099 0099 0103 0104
R6 00001 GGG006 00009
R 7 00001 000007 00010
R 8 0 0 0C 1 000 C 08 00011
R9 00001 000009 00012
SAVEAREA 0G0G4 OOGOCG 00 300 0022

9/16/70

0302
0156 0301

0127 0127 0131 0156 0159

0026 0296 0296 0297

0030 0147 0148
0106 0125 0125 0126 0129 0157 0157 0161
0102 0103 C I C b 0107 0126 0129 0130 0130 0158 0158

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
^STATISTICS* SOURCE RECORDS (SYSIN) = 278 SOURCE RECORDS (SYSLIB) = 25
* OPT IONS IN EFFECT* LIST, NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55

357 PRINTED LINES



F44-LEV EL LINKAGE EDITOR OPTIONS SPECIFIED MA P,LET,LI ST,NCAL
VARIABLE OPTIONS USED - SIZE=(45056,6144)- DEFAULT OPTION(S) USED

IENCOOO ENTRY UTILITY

MODULE MAP

CONTROL SECTION

NAME ORIGIN LENGTH

LOOPSECT 00 132
UTILITY 138 5AO

ENTRY

NAME LOCATION NAME LOCATION NAME LOCATION NAME

PRINT 19A PC HKRETN 3F6

ENTRY ADDRESS 138
TOTAL LENGTH 6 D8

LOCATION

DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET



m NN EEEEEEEEEEEE SSSSSSSSSS TTTTTTTTTTTT EEEEEEEEEEEE DDDDDDDDD
NNN NN EEEEEEEEEEEE SSSSSSSSSSSS TTTTTTTTTTTT EEEEEEEEEEEE DDDDDDDDDD
NNNN NN EE SS SS TT Et DO DD
NN NN NN EE SS TT EE DD DD
NN NN NN EE sss TT EE DD DD
NN NN NN EEEEEEEE sssssssss TT EEEEEEEE DD DD
NN NN NN EEEEEEE E sssssssss TT EEEEEEEE DD DO
NN NN NN EE sss TT EE DD DD
NN NNNN EE SS TT EE DD DD
NN NNN EE SS SS TT EE DD DD
NN NN EEEEEEEEEEEE SSSSSSSSSSSS TT EEEEEEEEEEEE DDDDDDDDDD
NN N EEEEEEEEEEEE SSSSSSSSSS TT EEEEEEEEEEEE DDDDDDDDD

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
399999999999 

999999°999

vi
■r*

fc***#********#*****#*********^****^*************************##❖*#****** ****** ******************* ***************** ******

•  •



^VMRQL

NiESTtHlP

TYPE 10 ADDk LENGTH LD ID

SD 01 000000 000190

EXTERNAL SYMBOL DICTIONARY PAGE 1 
14.14 9/16/70



PAGE 1

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08 APR70 9/16/70

oooooo 1 NESTED4.P CSECT 00000100
2 COPY MHMBEGIN 00000200

GOOOOO 3 RO EQU 0 00000700
000001 4 R 1 EQU 1 00000800
000002 5 R2 EQU 2 OOOOOQQO
000003 6 R3 EQU 3 0 G 0 01 u 0 U
000004 7 R4 EQU 4 00001100
000005 8 R5 EQU 5 0GG01 20C
C00006 9 R6 EQU 6 00001300
000007 10 R7 EQU 7 00001400
000008 11 R 8 EQU 8 00001500
000009 12 R9 EQU 9 00001600
00000A 13 RIO EQU 10 00001700
OOOOOB 14 Rll EQU 11 0 0 0 0 18 0 C
OOOOOC 15 R 12 EQU 12 ÜG001900
OOOOOO 16 R 13 EQU 13 00002000
00000 E 17 R 14 EQU 14 00002100
OOQCQF 18 R15 EQU 15 00002200
OOOOOO 90 EC DOOC OOOOC 19 STM R14»R12,12IR13) SAVE THE CALLER* S REGISTERS 00002400
000004 05C 0 20 BALR R 12»0 ESTABLISH PROGRAM BASE 00002500
000006 21 USING *,P12 LET THE ASSEMBLER KN OW• OC 002 600
000006 41 FG C132 00138 22 LA R 1 5 » SAVEAR EA ADDRESS GF MY SAVE AREA 00002700
OOOOOA 5 OFD 0008 00008 23 ST D 15f8(R13) BACKWARD CHAIN 00002800
OOOCOE 5 CDF 00004 24 ST R13,4(R13) FORWARD CHAIN 00002900

vi 000012 1 8DF 25 LR R13,R15 ESTABLISH MY SAVF AREA 00003000
® 000014 D7C3 DC08 DC08 00 0 08 00008 26 XC 8(4,R13),8(R13) TERMINATE THE FORWARD CHAIN 00003100

27 * END OF: STANDARD ENTRY LINKAGE CONVENTIONS. 00003200



NESTED LOOP SAMPLE GROSS SALES PROGRAM PAGE 2

LOC 03JECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR7Ü 9/I6/7C

29
30
31
32

* NESTED LOOP SAMPLE PROGRAM. *
*  ----- ------ -------- *

00000400 
0C0C0500 
000006 QO 
00000700

34
35 *
36 *
37 * 

* 
* 
* 
* 
*

38
39
40
41
42
43 *
44 *
45 *
46
47
48
49

++++++++++++++++++++++ + + ++ ++ + + -I- + -H- + -H- +++++++++++++++++++++++++++++++++

THIS PROGRAM IS DESIGNED TO COMPUTE THE TOTAL GROSS SALES IN 
AN OFFICE WHICH HAS FIVE SALES MANAGERS. EACH SALES MANAGER 
HAS FIVE SALESMEN WORKING IN HIS TERRITORY.

THE PROGRAM SUMS THE SALES FOR EACH SALES MANAGER AND FOR THE 
ENTIRE OFFICE AT THE SAME TIME.

THIS IS DONE BY USING TWO LOOPS 'NESTED' WITHIN EACH OTHER.
THE OUTERMOST LOOP STEPS THE PROGRAM FROM ONE SALES MANAGER 
TO THE NEXT, WHILE THE INNERMOST LOOP CONTROLS THE ADDITION 
OF THE SALES OF EACH SALESMAN IN THE MANAGER'S TERRITORY.

THE DATA EXISTS IN A TABLE THAT LOOKS LIKE THIS:
++ + ++ + + + + + + + + + +++ + + +++ + + + +++ + +++ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ■«-++-«- + +

O 000G900 
000010G0 
00001100 
00001200 
00001300 
OüOO1400 
00001500 
00001600 
00001700 
00001800 
00001900 
0G0020Q0 
00002100 
00002200 
000023C0 
000G240C

51
52
53
54
55
56
57
58
59 
6 0 *  

61 * 
62 
6 3
64
65
66
67
68
69
70
71
72
73
74
75
76
77

EACH BLOCK IN THE TABLE REPRESENTS AN 8-BYTE NUMBER WHICH
CONTAINS THE GROSS SALES FOR; EACH INDIVIDUAL SALESMAN. (THE
NUMBERS ARE IN PACKED DECIMAL FORMAT.)

EACH SALESMAN IS IDENTIFIED BY TWO NUMBERS, SEPARATED BY
A COMMA, THE FIRST IS THE NUMBER OF THE MANAGER
FOR WHOM THE SALESMAN WORKS, AND THE SECOND NUMBER IS THE
SALESMAN' S NUMBER IN HIS MANAGER'S TERRITORY •

| TOTALS | GROSS SALES BY SALESMAN NUMBER 1
+---------
| MANAGER 1 1 (1 ,1 ) 1 (1,2 ) 1 (1,3) 1 (1,4) 1 11,5) 1
+---------
| MANAGER 2 1 (2 ,1 ) 1 (2 ,2  ) 1 (2,3) 1 (2,4) 1 (2,5) 1
+---------
| MANAGER 3 1 (3,1) 1 (3,2) 1 (3,3) i (3,4) 1 (3,5) 1
+— -------
I MANAGER 4 1 (4,1) 1 (4,2) 1 (4,3) I (4,4) 1 (4,5) 1
+---------
| MANAGER 5 1 (5,1) 1 (5,2) 1 (5,3) 1 (5,4) I (5,5) 1
+---------
| OFFICE 1

00002600 
00002700 
C0002800 
00002900 
00003 OOC 
00003100 
00003200 
00003300 
00003400 
00003500 
00003600 
00Ü037C0 
00003800 
00003900 
00004000 
00004100 
00004200 
00004300 
00004400 
UC004500 
00 0C4600 
00004700 
00004800 
00004900 
00005000 
00005100 
00005200



****Al********* 
s s
* BEGIN *
s s
s s s s s s s s s s s s s s s

s s
*POINT TO NEXT*

* SALESMAN *
s s
s s
***********

A

*****a 2**********

* HOUSEKEEPING * 
•>* AND REGISTER * 
«INITIALIZATION.* 
s *
*****************

SUMLOOP V
*****32 ********** 
* *
* ADD -A SALESMANS*

------- >* TOTAL TO HI S *
«MANAGERS TOTAL.** * 
*****************

V
.* .

C2 *.
.* LAST *.

NO .* SALESMAN *.
- *. FOR THIS .* 

«.MANAGER ?.*
* . .*

*. .*
* YES

V
******2 **********
* AOD MANAGERS * 
«TOTAL TO OFFICE* 
«TOTAL AND POINT* 
*TO NEXT MANAGER*
*  *  
*****************

V
.*.

E2 *.
.* LAST *.

NO .«MANAGER FOR*. YES 
- * .THE OFFICE ? .* —  

* . • *
* .  .*

*. .*
*

CHART NESTLOOP 
PAGE 001 OF 001

****g3*********
*

RETURN. * 
*

***************



NESTED LOOP SAMPLE.., PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SO URCE STATEMENT F08APR70 9/16/7G

OCOOIA 9836 C17A 00180 94 LM 3,6,=A(T0TMGR01+40,8,T0TMGRG1,5) INITIALIZE REGISTERS ÜC0069C0
OOOOlE 1344 95 LCR 4,4 0C007000
000020 FA77 5000 3000 00000 00000 96 SUMLOOP AP 0(8,5),0(8,3) ADD A SALESMAN'S TOTAL TO MANAGER'S 00007 IOC
000026 8634 C01A 00020 97 BXH 3,4,SUMLOOP REPEAT FOR ALL THIS MANAGER'S MEN. 00007200
00002 A FA77 C12 A 5000 00130 00000 98 AP TOTOFFIC,0(8,5) ADD THE MANAGER'S TOTAL TO THE OFFICE 00007300
000030 4155 0030 00030 99 LA 5,48(5) POINT TO NEXT MANAGER 00007400
000034 4133 0058 00058 100 LA 3,88(3) POINT TO HIS LAST SALESMAN. 00007500
000038 4660 CO 1A 00020 101 BCT 6 ,SUMLOOP LOOP UNTIL ALL MANAGER'S ARE DONE. 00007600
00003C 0000 102 DC H' 0' GET A DUMP TO CHECK THE ANSWERS. 00007700

104 GGGGGGGCGGGGGGGGGGGGGGGGG&GGGGGGGGSGGGG 000079C0
105 * 00008000
106 * ANSWER THE FOLLOWING QUESTIONS ABOUT THIS CODING ROUTINE. 00008100
107 * 00008200
1 C8 * 1 . HOW MANY TIMES WILL THE 'A P ' INSTRUCTION AT 'SUMLOOP' BE 00008300
109 * EXECUTED ? 00008400
110 * 00008500
111 * 2 . HOW MANY TIMES WILL THE OTHER 'A P ' INSTRUCTION BE 00008600
112 * EXECUTED ?? 00008700
113 * 00008800
114 * 3. WHICH INSTRUCTION CONTROLS THE NUMBER OF TIMES: 00C08900
115 $ A) THE INNER LOOP IS EXECUTED ? 00009000
116 B) THE OUTER LOOP IS EXECUTED ? 00009100
117 * 00009200
118 üü 009300



NESTED LÜOP SAMPLE GROSS SALES PROGRAM PAGE 5

L O C O B J E C T  C O D E  A D D R l  A D D R 2 S T M T S O U R C E S T A T E M E N T F 0 8  A P R  70 9 / 1 6 / 7 0

1 2 0
1 2 1

0 0 0 0 9 5 0 0
0 0 0 0 9 6 0 0*

1 2 2 * * * A N S W E R S . ... 0 0 0 0 9 7 0 0
1 2 3 * 0 0 0 0 9 8 0 0
1 2 4 * 1. 2 5 T I M E S ,  O N C E  P E R  S A L E S M A N  (5) P E R  M A N A G E R  ( 5 ) .  5 X 5 =  2 5 0 0 0 0 9 9 0 0
1 2 5 * O O O I O O O O
1 2 6 2. 5 T I M E S ,  O N C E  P E R  M A N A G E R  ( 5 ) . 0 0 0 1 0 1 0 0
1 2 7 * 0 0 0 1 0 2 0 0
1 2 8 ❖ 3. A) ' B X H  3 , 4 , S U M L O O P i 0 0 0 1 0 3 0 0
1 2 9 * B) • B C T  6 , S U M L O O P ■ 0 0 0 1 0 4 0 0
1 3 0 * 0 G C 1 0 5 0 0
1 3 1

1 3 3

* ......... . 0 0 0 1 0 6 0 0  

0 0 01 0 8 0 C*
1 3 4 * T H E S E C O N S T A N T S  R E P R E S E N T T H E  T O T A L  G R O S S  S A L E S  OF T H E  25 0 0 0 1 0 9 0 0
1 3 5 sis S A L E S M E N  D E S C R I B E D  IN T H E P R O L O G U E  T O  T H I S  C O D I N G  S A M P L E . 0 0 0 1 1 0 0 0
1 3 6 * 0 0 0 1 1 1 0 0

0 0 0 0 4 0 1 3 7 DS O D A L I G N  R O R  R E A D A B I L I T Y ' S  S A K E . 0 C 0 1 1 2 0 0
0 0 0 0 4 0 o o o o o o o o o o o o o o o c 1 3 8 T 0 T M G R 0 1 DC P L 8 '0' T O T A L  F O R  M A N A G E R  N U M B E R  1. 0 0 0 1 1 3 0 0

1 3 9 s»s T H E S E A R E  S A L E S M E N  1 T O  5 F O R  M A N A G E R  N U M B E R  1. 0 0 0 1 1 4 0 0COoooo

O O O O O O C 0 1 1 2 7 4 0 3 C 1 4 0 DC P L 8 1 1 1 2 7 4 . 0 3 , 1 0 1 6 3 . 1 9 , 6 4 4 1 . 7 8 , 9 4 3 7 . 6 2 , 2 6 6 1 9 . 1 8 ' 0 0 0 1 1 5 0 0
1 4 1 ❖ 0 0 0 1 1 6 0 0

0 0 0 0 7 C 0 0 0 0 0 0 0 'J 0 0 c o 0 ü 0 c 1 4 2 T 0 T M G R 0 2 DC P L 8 * 0' T O T A L  S A L E S  F O R  M A N A G E R  N U M B E R  2 0 0 0 1 1 7 0 0
o 1 4 3 sis T H E S E A R E  S A L E S M E N  1 T O  5 F O R  M A N A G E R  N U M B E R  2. 0 0 0 1 1 8 0 0

0 0 0 0 7 8 0 0 0 0 0 0 0 0 0 2 6 4 8 3 3 C 1 4 4 DC P L 8 ' 2 6 4 8 . 3 3 , 9 1 7 7 . 5 4 , 6 1 2 2 . 1 0 , 7 5 4 3 . 7 1 , 5 5 9 6 . 4 4 ' 0 0 0 1 1 9 0 0
1 4 5 * 0 0 0 1 2 0 0 0

0 0 C 0 A 0 O O C O O O O O O O C O O O O C 1 4 6 T 0 T M G R 0 3 DC P L 8 10 1 G R O S S  S A L E S  F O R  M A N A G E R  3. 0 0 0 1 2 1 0 0
1 4 7 sis T H E S E A R E  S A L E S M E N  1 T O  5 F O R  M A N A G E R  N U M B E R  3 . 0 0 0 1 2 2 0 0

0 0 0 G A 8 0 0 0 0 0 0 0 0 2 3 4 6 1 5 9C 1 4 8 DC P L 6 ' 2 3 4 6 1 . 5 9 , 1 7 5 9 6 . 7 1 , 3 3 7 7 . 4 8 , 6 7 8 1 . 5 4 , 3 1 7 6 6 . 5 3 ' 0 0 0 1 2 3 0 C
1 4 9 Si! 0 0 0 1 2 4 0 0

0 0 0 0 D 0 0 0 0 0 0 0 0 C 0 0 u u 0 0 G C 1 5 0 T 0 T M G R 0 4 DC P L 8 ' O' T O T A L  G R O S S  S A L E S  F O R  M A N A G E R  4. 0 0 0 1 2 5 0 0
1 5 1 * T H E S E A R E  S A L E S M E N  1 T O  5 F O R  M A N A G E R  N U M B E R  4. 0 C 0 1 2 6 0 0

0 00  C D 8 D 0 O O 3 Q O O 1 9 6 7 7 3 6 C 1 5 2 DC P L 8 ' 1 9 6 7 7 . 3 6 , 8 8 7 1 . 5 9 , 9 4 3 3 . 1 7 , 5 7 6 1 . 0 8 , 1 1 9 8 9 . 6 7 * 0 0 0 1 2 7 0 0
1 5 3 s{s 0 0 0 1 2 8 0 0

0 0 0 1 0 0 O O C O C O O O O O u O O O O C 1 5 4 T 0 T M G R 0 5 D C P L 8 '0' T O T A L  S A L E S  F O R  T E R R I T O R Y  5. 0 0 0 1 2 9 0 0
1 5 5 * T H E S E A R E  S A L E S M E N  1 T O  5 F O R  M A N A G E R  N U M B E R  5. C 0 0 1 3 G 0 0

0 0 0 1 0 8 0 0 0 0 0 0 0 0 0 5 5 1 5 6 3 C 1 5 6 DC P L 8 ' 5 5 1 5 . 6 3 , 2 2 9 2 . 6 2 , 7 3 6 0 . 7 2 , 1 2 3 5 7 . 1 1 , 1 4 1 4 5 . 9 2 ' 0 0 0 1 3 1 0 0
1 5 7 ❖ 0 0 0 1 3 2 0 0

0 0 0 1 3 0 O O O O O O O O O O O O O O O C 1 5 8 T O T O F F I C D C P L  8 ' 0  * T O T A L  G R O S S  S A L E S  F O R  T H E  O F F I C E . 0 0 0 1 3 3 0 0
0 0 0 1 3 8 1 5 9 S A V E A R E A DS _ 1 8 F 0 0 0 1 3 4 0 0

1 6 0 E N D 0 0 0 1 3 5 0 0
0 0 0 1 8 0 0 0 0 0 0 0 6 8 0 0 0 0 0 0 0 8 1 6 1 = A ( T 0 T M G R 0 1 + 4 0 , 8 , T O T M G R O 1, 5)



RELOCATION DICTIONARY PAGE 1

P O S . I D R E L . I D F L A G S A D D R E S S 9 / 1 6 / 7 0

01 0 1 OC 0 0 0 1 8 0
01 0 1 O C 0 0 0 1 8 8

oo



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES

N E S T E D L P 0 0 0 0 1 0 0 0 0 0 0
R 0 0 0 0 0 1 0 0 0 G Ü 0
R 1 0 0 0 0 1 0 C 0 0 0 1
R I O 0 0 0 0 1 C O O O C A
R 11 0 0 0 0 1 O O O O O B
R 1 2 0 0 0 0 1 O O O O G C
R 1 3 0 0 0 0 1 O O O O O D
R 14 0 0 0 0 1 O O O O O E
R 15 0 0 0 0 1 O O O O C F
R 2 0 0 0 0 1 0 0 0 0 0 2
R 3 0 0 0 0 1 0 0 0 0 0 3
R 4 0 0 0 0 1 0 0 0 0 0 4
R5 0 0 0 0 1 0 0 0 0 0 5
R 6 0 0 0 0 1 0 0 0 0 0 6
R 7 0 0 0 0 1 G O 0 0 0 7
R 8 0 0 0 0 1 0 0 0 0 0 8

O'OOO 1 C 0 0 C 0 9
S A V E A R E A 0 0 0 0 4 C 0 C 1 3 8
S U M L O O P 0 0 0 0 6 0 0 0 0 2 0
T OT M G R 01 0 0 0 0 8 0 0 0 0 4 0
T 0 T M G R 0 2 C 0 0 0 8 0 0 0 0 7 0
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T O  D O , F I N D  T H E  F A I L I N G  I N S T R U C T  I O N ( S ) O R  I N D I C A T E  T H E  
I N S T R U C T I  O N (S ) T H A T  N E E D  T O  B E  A D D E D  T O  M A K E  T H E  P R O G R A M  
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46 * + + •♦- + + + + + -I-4- + + + + + + + + + ++ + + + + + + -M- + + + + + + + ++ + + + + + + + + + + + + + + -M- + + + -*- + + + 4- + + + + + + + +
47 *
48 * THIS PROGRAM IS DESIGNED TO COMPUTE THE TOTAL GROSS SALES IN
49 * AN OFFICE WHICH HAS FIVE SALES MANAGERS. EACH SALES MANAGER
50 * HAS FIVE SALESMEN WORKING IN HIS TERRITORY.
51 *
52 * THE PROGRAM SUMS THE SALES FOR EACH SALES MANAGER AND FOR THE
53 * ENTIRE OFFICE AT THE SAME TIME.
54 *
55 * THIS IS DONE BY USING TWO LOOPS 'NESTED* WITHIN EACH OTHER.
56 * THE OUTERMOST LOOP STEPS THE PROGRAM FROM ONE SALES MANAGER
57 * TO THE NEXT, WHILE THE INNERMOST LOOP CONTROLS THE ADDITION
58 * OF THE SALES OF EACH SALESMAN IN THE MANAGER'S TERRITORY.
59 *
60 * THE DATA EXISTS IN A TABLE THAT LOOKS LIKE THIS:
61 *
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0 0 0 0 2 8 FA 7 7 8 0 0 0 6 0 00 C O O O O O O O C O 9 6 A D D ; L O* AP 0 ( 8 , R8 ) , 0 ( 8  , R6 ) A D D  A S A L E S M A N ' S  T O T A L  T O  M A N A G E R ' S 0 0 0 0 7 1 0 0
0 0 0 0 2 E 4 1 6 6 0 0 0 8 C 00 08 97 \r : T T • R 6 , 8 ( K 6 ) P O I N T  T O  N E X T  S A L E S M A N . 0 0 0 0 7  2 0 0
0 0 0 0 3 2 4 6  5 C C 02 2 0 0 0 2 8 5 9 8 X ^ & C T R 54 A D D  — . . R E P E A T  F O R  A L L  S A L E S M E N . 0 0 0 0 7 3 0 0

-fe 0 0 0 0 3 6 4 1 8 8 0 C 3 0 0 0 0 3 0 9 9 " ^ T a b T r b ) P O I N T  T O  N E X T  M A N A G E R . 0 0 0 0 7 4 0 0
0 0 C 0 3 A 4 6  7 0 C C 1 C 0 0 C 2 2 1 0 0 B C T R 7 !, L O O P  \ ' R E P E A T  F O R  A L L  M A N A G E R S . 0 0 0 0 7 5 0 0
0 C 0 0 3 E 4 1 7 0 C 0 C 5 0 0 0 0 5 1 0 1 L A R 7 , 5  ■ I N I T I A L I Z E  F O R  S U M M A R Y  L O O P . 0 0 0 0 7 6 0 0

0 0 0 0 4 2 4 1 6 0 C 05 2 0 0 0 5 8 1 0 2 L A R 6 , T O T M G R 0 1 P O I N T  T O  F I R S T  M A N A G E R . 0 C 0 0 7 7 0 0
0 0 0 0 4 6 FA 7 7 8 0 0 0 6 0 0 0 0 0 C 0 0 0 0 0 0 0 1 0 3 A P AP 0 ( 8 , R8) , 0 ( 8 , R 6 ) A D D  T O T A L  T O  O F F I C E  T O T A L . 0 0 0 C 7 8 C 0

0 0 G 0 4 C 4 1 6 6 0 0 3 0 0 0 0 3 0 1 0 4 L A R 6 , 4 8 ( R 6 ) P O I N T  T O  N E X T  M A N A G E R . 0 0 0 0 7 9 0 0

0 0 0 0 5 0 4 6 7 0 C 0 4 0 0 0 0 4 6 1 0 5 B C T R 7 ,  AP R E P E A T  F O R  A L L  M A N A G E R S . 0 0 0 0 8 0 0 0

0 0 0 0 5 4 0 0 0 0 1 0 6 * DC H ' C O * T A K E  A D U M P  T O  S E E  A N S W E R S . 0 0 0 0 8 1 0 0n
. C



LOOPS TROUBLE ANALYSIS PROBLEM 1 . PAGE 5

LOC OBJECT CODE A DDR 1 ADDR2 STMT SOURCE STATEMENT F 08 APR 70 9/16/70

122 * 0C0097 00
123 * THESE CONSTANTS REPRESENT THE TOTAL GROSS SALES OF THE 25 00009800
124 ❖ SALESMEN DESCRIBED IN THE PROLOGUE TO THIS CODING SAMPLE. 00009900
125 * 00010000

000058 126 DS OD ALIGN FOR READABILITY'S SAKE. 00010100
000058 OCOOOCOOOOCOOOOC 127 T0TMGR01 DC PL 810* TOTAL FOR MANAGER NUMBER 1. 00010200

128 ❖ THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 1. 00010300
000060 00000000.112740 3C 129 DC PL8 ' 11274.03 ,10163 •19,6441.78,9437.62,26619.18' 00010400

130 * 00010500
000088 OOOOOOOOCOGCCOOC 131 TOTMGR02 DC PL810 1 TOTAL SALtS FOR MANAGER NUMBER 2 OC 010600

132 * THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 2. 00010700
000090 000000C00264833C 133 DC PL812648. 33, 9177.54 ,6122.10,7543.71,5596.44' 00010800

134 * 00010900
COOOB8 000000 COOOOuuOuC 135 T0TMGRG3 DC PL8'0' GROSS SALES FOR MANAGER 3. 00011000

136 * THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 3. 00011100
OCOOCO OC0000002346159C 137 DC PL8 * 23461.59 ,17596 71,3377.48,6781.54,31766.53' 00011200

138 * 00011300
0C00E8 OOCOOOOOOOuOGOOC 139 T0TMGR04 DC PL8 '0' TOTAL GROSS SALES FOR MANAGER 4. 00011400

140 * THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 4. 00011500
0 00 OF 0 COCOCOCO 19 67736C 141 DC PL 8 ' 19677.36 ,8871. 59,9433.17,5761.08,11989.67' 00011600

142 £ 00011700
C00118 OOOOOOGOOCOOOOQC 143 TCTMGR05 DC PL8 '0 1 TOTAL SALES FOR TERRITORY 5. 00011800

144 THESE ARE SALESMEN 1 TO 5 FOR MANAGER NUMBER 5. 00011900
000120 0000000005,51 5b3C 145 DC PL8 1 55 15.63, 2292.62 ,7360.72,12357.11,14145.92' 00012000

146 * 00012100
0 0 01A 8 CO00 00GOOGGOOOOC 147 TOTOFFIC DC PL8 •01 TOTAL GROSS SALES FOR THE OFFICE. 00012200
0G0150 148 SAVEAREA DS 18F 00012300

149 END 00012400



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES 9/16/70

ADD 00006 000028 00 096 0098
AP 00006 000G46 00103 0105
LOOP 00002 000022 00094 0100
NESTEDT A 00001 000000 00001
RO 00001 000000 00003
R1 00001 000001 00004
RIO 00001 OOOOOA 00013
R 11 00001 OOOCOB 00014
R12 000Ü1 OOOOOC 00015 0019 0020 0021
R 13 00001 OOOOOD 00016 0019 0023 0024 0025 0026 0026
R 14 C0001 OCOOOE 00017 0019
R 15 00001 000OOF 00018 0022 0023 0024 C02 5
R2 00001 000002 00005
R3 00001 000003 00006
R4 00001 000004 000C7
R5 00001 000005 00008 0098
R 6 C0001 000006 0C009 0094 0095 0095 0096 0097 0097 0102 0103 0104 0104
R 7 00001 000007 00010 0092 0100 0101 0105
R8 00001 000008 00011 0093 0094 0096 0099 0099 0103
R 9 00001 000009 00012

* SAVEAREA 00004 000150 00148 0022
TOTMGROl 00008 000058 00127 0093 0102
T0TMGR02 00008 00008 8 00131
T0TMGR03 00008 0000B8 00135

<oT0TMGRG4 00008 0000E8 00139
TOT MGR05 C0008 000118 OC143
TOTOFFIC 00008 000148 00147

1
NO STATEMENTS FLAGGED IN THIS ASSEMBLY 
^STATISTICS* SOURCE RECORDS (SYSIN) = 124
*OPTIONS IN EFFECT* LIST, NODECK, LOAD, NORENT, 

192 PRINTED LINES

SOURCE RECORDS (SYSL 
XREF, NOTEST, ALGN, OS,

B) = 25
LINECNT = 55



«

F44-LFVEL LINKAGE EDITOR OPTIONS SPECIFIED M AP , LET , LI ST, NCAL
VARIABLE OPTIONS USED - SIZE=(45056,6144)- DEFAULT OPTION(S) USED

IEwlOOOO ENTRY UTILITY

MODULE MAP

CONTROL SECTION

NAME ORIGIN LENGTH

NESTEDTA 00 198
UTILITY 198 5AO

ENTRY

NAME LOCATION NAME LOCATION

PRINT 1 FA PC HKRETN 456

ENTRY ADDRESS 198
TOTAL LENGTH 738

sje***G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION NAME LOCATION

*



F .P . REGS. 00.OODOOO 40C6Al 32 00.0171B8 00000000

REGS 0-7 FFFFFF2E 000367F8 0001A53C 00000000
REGS 8-15 0002.4120 00000000 0001A548 00000000

00015230 0001y5F7A 0002A218 00000005 
6F02A0CE 0002A218 OOOOC7D4 0002A218

00.01A268 00000000 ~ 00.000000 00017568

H f
000000 OOOOOOOC OCOOQOOO 00000000 00000000 0002A0C8 OCOOOOOO FF040080 A000A93C * . .
000020 00040003 50006 A3 E fFC500C7 EF02AÖF6' OOOOFFOO 00000000 FE040130 80000A06 *. .
000040 00 0000OG 2 0000 0 0 0“A00014D0 Q00Ö5'9'7Ö“ 0 2C036A4 0000996C 00040000 00007498 # « #
000060 0 0040Ou 0 00007BC8 Q00400CO 00007588 00000000 00012D10 00040000 0000751A * • .

02A0C0 40CC07F E 9620412B 9.QECD00C 05C041F0 C14A50FD 000850DF 000418 DF D703DQ08 * *
02A0E0 DO084170 00054180 CO 52186 8 41660008 >11' FA778000 600 0-41 6 6 00084650 C0224188 *. . *
02A100 00304670 C 01C 41 70 00054160 C052FA77 80006000 416 600 3 0 4670C040 0000600C * . • *
02A120 00000002 7 541264C! 00000000 1127 403 C COOCOOOO 1016319C 00000000 0644178C * , , *
02A140 00000000*'0943762C 00000000 2661918C 00000000 OOOOOOOC 00000000 0264833C *. .
0 2 A 16 0 OOOOOOOC 0917754C 00000000 061221OC OOOOOOOC 0754371C OOOQOGCO 0559644C * . .
02A18G OOOOOOOC OOOOOOOC OCOOOOOO 2346159C 00000000 1759671C 00000000 0337748C * . .
02A1A0 OCOOO 00 0 0678154C 00000000 317 66 53 C 00000000 OOOOOOOC 00000000 1967736C ❖
0 2 A1C 0 00 000 000 0887159C OOOOOOOC 0943317C 00000000 0576108C 00000000 1198967C * . . . . *
0 2 A 1E 0 0 0 OCCCCa. OOOOOOOC 00000000 0551563C 00000oco C229262C C0ÜG0Ü00 0736072C
0 2 A 2 0 0 OOOOOOOC 1235711C OCOOOOOO 14145 92 C OOOCOCOO 0 U 0 0 Q 0 0 C |oi iale lev 00036768 *. . . . *
0 2 A 2 2 0 00000000 0A0AD2C3 C02494FE D203C02 8 94FE91C4 7 C 0 4 4 7 1 0*945858F 0 94DA920C # • •
0 2 A 2 4 0 CG27C5EF D203C024 94P E91CC 80564740 946AD503 701494FE 4780947C 58F094DE * . . *
0 2 A 2 6 0 9CECD0CC C5C0C4FG 07 0 04110 C0100511 0FG2A3C4 7FFF0A0E 58B00C10 911 OB 074 * • •

0 2 A 8 2 0 4A009BDE 40 050000 47F095C6 48609BEE 8 A 6 0 0 0 0 1 4770969E 48609C 26 41660001 * . . *

( 2AVÈ 
§ 7Pt\k>

* ** * £ # ***** * **** ******* ** ***** **** ******************* ***********************************************************



ssssssssss JTTTTTTTTTTT COQOQOCGOGGG RRRRRRRRRRR a a a a a a a a a a GGGGGGGGGG EEEEEEEEEEEE
ssssssssssss JTTfTTTTTTTT OOO TOO00OOOO RRRRRRRRRRRR a a a a a a a a a a a a GGGGGGGGGGGG EEEEEEEEEEEE
SS SS TT 00 OG RR RR AA AA GG GG EE
SS TT 00 00 RR RR AA AA GG EE
sss TT 00 00 RR RR AA AA GG EE

sssssssss TT 00 00 RRRRRRRRRRRR AAAAAAAAAAAA GG EEEEEEEE
sssssssss TT 00 cc RRRRRRRRRRR AAAAAAAAAAAA GG GGGGG EEEEEEEE

sss TT 00 00 RR RR AA AA GG GGGGG EE
SS TT 00 00 RR RR AA AA GG GG EE

SS SS TT 00 co RR RR AA AA GG GG EE
ssssssssssss TT 000000000000 RR RR AA AA GGGGGGGGGGGG EEEEEEEEEEEE

ssssssssss TT 000000000000 RR RR AA AA GGGGGGGGGG EEEEEEEEEEEE

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 
9999999999

**********^************************************************************************************************************
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DATA STORAGE AND RETRIEVAL T

L G C  O B J E C T  C O D E  A D D R 1  A D D R 2  

C C O O Q O

000000
000001  
000002  
0 C 0 0 0 3  
C O 0 0 0 4
0 0 0 0 0 5
0 0 0 0 0 6
000007
0 0 0 0 0 8  
0 0 0 0 0 9  
00000A 
O O O O O B  
C O O O O C  
C C O O O D  
O O O O O E  
000OOF
OOOOOO 90EC DCOC OOOOC
C00004 05C0 
000006
OC0006 41FC C 73 E 00744
00000A 5OFD 0CC8 00008
OOOOOE 50DF 0004 00004

<o 000012 18DF
000014 D703 DC08 D008 00008 00008

QUES.

SOURCE STATEMENT

STORAGE CSECT
COPY MHMBEGIN

RO EQU 0
R1 EQU 1
R2 EQU 2
R3 EQU 3
R4 EQU 4
R 5 EQU S
R6 EQU 6
R7 EQU 7
R 8 EQU 8
R9 EQU 9
RIO EQU 10
Rll EQU 11
R12 EQU 12
R13 EQU 13
R14 EQU 14
R15 EQU 15

STM R14,R12,12(R13)
BALR R12t0
USING * * R 12
LA R1 5 , SAVEAREA
ST R15,8(R13)
ST R13,4(R15)
LR R13,R15
XC 8(4,R13),8(Rl3 I

* END OF STANDARO ENTRY
PRINT OFF

ECHNI

STMT

2
3
4 '
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

PAGE 1

F08APR70 9/16/70

SAVE THE CALLER * S REGISTERS 
ESTABLISH PROGRAM BASE 
LET THE ASSEMBLER KNOW/ 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN'
FORWARD CHAIN 
ESTABLISH MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

LINKAGE CONVENTIONS.

00000200
00000300
00000700
00000800
00000900
00001000
0 0 0 0 11 0 0
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
0 0 0 02100
00002200
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00000400



DATA STORAGE AND RETRIEVAL TECHNIQUES PAGE 2

LOC

$

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

36 *
37 *
38 *
39 *

F08APR70 9/16/70

********************************************
* DATA STORAGE AND RETRIEVAL STUDY PROJECT *
*  ---- -------- ----- --— -— —— --------- *
********************************************

00001100
00001 2 0 0
00001300
00001400

41 « + + + + -M- + + ++ + + + + + -M- + + + + + + + + + + + +++ + + + + -M- + + + + -M-+ + + 4- +++ + + + + + + + + + + + + + + + + +++ +
42 *
43 * THIS PROJECT CONTAINS DIAGRAMS AND CODE SAMPLES ILLUSTRATING
44 * SOME OF THE MORE COMMON DATA STORAGE AND RETRIEVAL TECHNIQUES.
45 *
46 * THESE SAMPLES ARE INTENDED TG BE STUDIED DURING THE WORK-SHOP
47 * SESSION FOR THE STORAGE AND RETRIEVAL TOPIC.
48 *
49 * EACH CODING SAMPLE WILL BE PRECEEDED BY A DIAGRAM DEPICTING
50 * THE FORMAT OF THE TABLE TO BE DISCUSSED AND MANIPULATED BY
51 * THE CODING SAMPLE. FOLLOWING EACH SAMPLE, THERE ARE SOME
52 * QUESTIONS CONCERNING THE CODE THAT WAS USED. THESE ARE
53 * TO BE ANSWERED IN THE TIME ALLOWED; THEN THE ANSWERS WILL
54 * BE DISCUSSED BY THE CLASS.
55 *
5 6  *4-++ + + + + +  + + + + + + +  + + * + + + -l- + + + ++-M- + '»- + -M-++ + + + + -»- + + + + -M"l' + + + +++••- + + + +  + + + + + + + + + ■*- +

00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100

*



S E R I A L S E A R C H E S . P A G E  3

O B J E C T C O D E  A D D R 1  A D D R  2 S T M T S O U R C E  S T A T E M E N T F 0 8 A P R 7 0  9 / 1 6 / 7 0

5 8 * * # 4c * # # 3}C # * £ # * jfc # jje # # # # # # 0 0 0 0 3 3 0 0
5 9 * * S E R I A L L Y  O R G A N I Z E D  D A T A  * 0 0 0 0 3 4 0 0
6 0 * ----------- ------------— ----- * 0 0 0 0 3 5 0 0
61 * * * * * * * * * # * * * * * * * * # * * * # * £ * * * 0 C 0 0 3 6 0 0

000000
000000
0 0 0 0 0 6
0 0 0 0 0 6
0 0 0 0 0 7
0 0 0 0 0 9
oooooc
oooooc

6 3
6 4
6 5
66
6 7
68
6 9
7 0
71
72
73
74
75
7 6
7 7
7 8
7 9
8 0  
81 
8 2
83
8 4
8 5
86
8 7
88
8 9
9 0
9 1
92
93
9 4
9 5
9 6
9 7
9 8
9 9  

10 0  
101 
102
1 0 3
1 0 4  
1 O 3 
1 0 6  
ï r,7

*+++++++
*

*

*
❖
*
*

*
*
*
❖
*
*
D A T  AI T E M  
M A N N U M B R  
F U N C T I O N  
I N D I C A T R  
A R E A N M B R  
B R A N C H #  
N E X T  I T EM 
I T E M L E N  
*

❖
*
*
❖
❖
*
*
*
*
*

❖
*
*

+++++++++++++++++++++++++ + + + + + + + + + + + + + + + + + + + + + + + + + + ++ + -H-+-H- + 4- + +

THROUGHOUT THIS PROJECT, THE DATA WILL BE A 12— BYTE RECORD, 
CONTAINING A 6-BYTE MAN NUMBER ( WHICH IS USED AS THE 
ARGUMENT) AND A FUNCTION WHICH CONTAINS AN INDICATOR BYTE 
DESIGNATING DOMESTIC OR W.T.C. EMPLOYEE, A 2-BYTE AREA 
NUMBER, AND A 3-BYTE BRANCH OFFICE NUMBER. EVERY 
DATA ITEM LOOKS LIKE:

| M A N  N U M B E R

6 7 9 12
-+---- +-------- 4----------- +
I INDIAREA #| B. 0. #| 

-+---» +-------- +--------- +

( B Y T E S )

T H E  D A T A  I T E M  IS D E S C R I B E D  BY T H I S  D U M M Y  S E C T I O N .

D S E C T  
DS C L 6
D S  O C L  6
D S C L  1
D S  C L 2
D S C L 3
DS O C
E Q U  N E X T  I T E M - D A T A  IT EM

D U M M Y  S E C T I O N  F O R  M A N  N U M B E R  D A T A  I T E M .  
M A N  N U M B E R  ( A R G U M E N T ) .
F U N C T I O N  P O R T I O N  O F  D A T A  I T E M .
D O M E S T I C  / W O R L D  T R A D E  I N D I C A T O R .
A R E A  N U M B E R
B R A N C H  O F F I C E  N U M B E R .

L E N G T H  O F  A D A T A  I T E M .

T H E  D A T A  B E G I N S  A T  L O C A T I O N  * T A B L E ' A N D  T A K E S  U P  A S  M U C H  
C O R E  A S  IS N E C E S S A R Y .  T H E  N E X T  A V A I L A B L E  E M P T Y  S P O T  
IN T H E  T A B L E  IS P O I N T E D  T O  BY T H E  F U L L - W O R D  A D D R E S S  C A L L E D  
' P O I N T E R * .  T H E  V A L U E  T O  B E  S E A R C H E D  F O R  IS P L A C E D  IN 
' S A R G U M N T ' .

• T A B L E »
+— ---- » + +----------------- +
I - > ----+------- > + I D A T A  I T E M  # 1 |
+ ------------+ I 4------ ----------------- —  +
' P O I N T E R '  I I D A T A  I T E M  # 2 f

4-— r-----—  ------------ +
in))))))))))))))))) 
((<(((((((<((((!((((
+— ,---- .— — — — — « 4-
I D A T A  I T E M  # N f 

V + — - — — — — +
' S A R G U M N T '  | 1 S T  U N U S E D  S P A C E  |

«0 4. — — — -• — -•» --*• •*” 4-
’ MAN NO * ! I I

!<•---12 BYTES — — T\
„ v + 4 ,

0 0 C 0 3 8 0 0  
0 0 0 0 3 9 0 0  
0 0 0 0 4 0 0 0  
0 0 0 0 4 1 0 0  
0 0 0 0 4 2 0 0  
0 0 0 0 4 3 0 0  
0 0 0 0 4 4 0 0  
0 0 0 0 4 5 0 0  
0 0 0 0 4 6 0 0  
0 0 0 0 4 7 0 0  
0 0 0 0 4 8 0 0  
0COC4900 
0 0 0 0 5 0 0 0  
0 0 0 0 5 1 0 0  
0 0 0 0 5 2 C O 
0 0 0 0 5 3 0 0  
0 0 0 0 5 4 0 0  
0 0 0 0 5 5 0 0  
0 0 0 0 5 6 0 0  
0 0 0 0 5 7 0 0  
0 0 0 0 5 8 0 0  
0 0 0 0 5 9 0 0  
0 0 0 0 6 0 0 0  
0 0 0 0 6 1 0 0  
0 0 0 0 6 2 0 0  
0 0 0 0 6 3 0 0  
0 0 0 0 6 4 0 0  
0 0 0 0 6 5 0 0  
0 0 0 0 6 6 0 0  
0 0 0 0 6 7 0 0  
0 0 0 0 6 8 0 0  
0 0 0 0 6 9 0 0  
0 0 0 Q 7 0 0 0  
0 D 0 0 7 1 0 0  
0 0 0 0 7 2 0 0  
0 0 0 0 7 3 0 0  
0 0 0 0 7 4 0 0  
0 0 0 0 7 5 0 0  
0 0 0 0 7 6 0 0  
0 0 0 0 7 7 0 0  
0 0 0 0 7 8 0 0  
0 CO 0 7 9 0 0  
0 0 0 0 8 0 0 0  
0 0 0 0 8 1 0 0  
0 0 0 0 8 2 0 0  
Gooes
0 0  0 0-3 4 O ü



100

IM SER T
*****A2 ««««*$««««

****A1««««««««« * *
* * «POINT TO START «
« START « ---------->* qf TABLE «
* * * *
*************** * *

*****************

\/
INSERTLP .’*.

B2 « .
.« «.

.« IS THIS A «.
+----------- ------->«. DUPLICATE ? .«

« . .«
«. .*

« . .«
5* NO

\/
• **.

««Cl«::***** C 2 «.
3jc * .« « .

«POINT TO NEXT« NO .«IS THIS AN «.
« ITEM IN THE «<- —  <--- «.EMPTY : SPACE ? .«
« LIST. « «. .«* * « . .«*********** « • .«3* YES

V
* * * * * D 2 **********
* ENTER ITEM IN *
* THE TABLE AND *
* SE T POINTER TO *
* NE XT FREE BYTE.** * 
*****************

I <

RETURNO I 
V

«RETURN, CODE = * 
❖ 0 . *
* *
***************

#

CHART SERIALS 
PAGE 001 OF 001

RETURN4
« * * * b3 ««* «««««« 

«RETURN, CODE * *
4. «<— +

* I
*************** |

SER IAL

****A4«««««««««

* START SEARCH *
* * 
***************

***:** 04 * * * *  * * * * * *  
* * 
«POINT TO START * 
« OF TABLE. « 
* * 
* * 
*****************

V
SERIALLP .«.

C4 «.jj( jjc
.«IS THIS THE« . YES 

+— >* .ITEM I WANT? .« — + 
« . .«

« . .«
1 «. .«
| « NO

V
.« .

D 4 « .
. « « .

«IS THIS THE« 
END OF THE 

«. TABLE ? .« 
« . .«

«. .«
« YES
I
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SERIAL SEARCHES. PAGE 5

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/ 16/70

129 00010400
130 * IN ORDER TO ADD A NEW ITEM TO THE TABLE, WE PLACE IT*S 00010500
131 * ADDRESS IN REGISTER 1 AND BRANCH TO •INSERT*. THIS WILL ADD AN 00010600
132 * ITEM TO THE TABLE IF IT IS NOT ALREADY IN. RETURN CODE = 4 00010700
133 * IF THE ITEM IS ALREADY IN THE TABLE; = 0 IF NOT ALREADY IN. 00010800
134 * BRANCHING TO •SERIAL* SEARCHES FOR THE ITEM WHOSE NUMBER IS 00010900
135 * IN * SARGUMNT *• A CODE OF 0 IS RETURNED IF THE ITEM CAN BE 00011000
136 * FOUND , A CODE OF 4 IS RETURNED IF IT CANNOT BE FOUND. 00011100
137 00011200

139 * RESTART THE CONTROL SECTION. 00011400
000000 140 STORAGE CSECT 00011500
cooooo 141 USING DAT A IT EM fR15 00011600
00002 A 47F0 C078 0007E 142 B TESTCODE BRANCH AROUND ROUTINE 00011700

00002 E 41FO COAA OOOBO 144 INSERT LA R15 tTABL E 00011900
0C0032 D 505 FOOO 1000 00000 00000 145 INSERTLP CLC MANNUMBR10 C R 1) SEARCH FOR A DUPLICATE. 00012000
000038 4780 C054 0005A 146 BE RETURN4 FOUND ONE, ERROR RETURN 00012100
00003C 41 FO FCOC OOOOC 147 LA R15,NEXTITEM 00012200
000040 59F0 C 122 00128 148 C R15,POINTER END OF USED TABLE SPACE ? 00012300
000044 4740 C02C 00032 149 BL INSERTLP NO, CONTINUE SEARCH. 00012400
000048 D2 0B FOOO 1000 00000 00000 150 MV C DATAITEMIITEMLEN),0(R1> YES, ENTER THE ITEM IN THE TABLE 00012500
00004 E 41F0 FOGC OOOOC 151 LA R15,NEXTITEM POINT TO NTXT FREE SPACE. 00012600
000052 50F0 C122 00128 152 ST R15rP0INTER 00012700
000056 1BFF 153 RETURNO SR R15 1R 15 NORMAL (CLEAN i RETURN. 00012800
000058 07FE 154 BR R14 00012900
00005A 41F 0 0004 00004 155 RETURN4 LA R1 5 *4 ERROR RETURN. 00013000
00005 E 07FE 156 BR R14 00013100

157 DROP R 1 5 00013200

000000 159 USING DAT AITEM,R1 00013400
00:0060 160 SERIAL EQU * THIS ROUTINE LOCATES AN ITEM IN THE 00013500
000060 4110 COAA OOOBO 161 LA Rl,TABLE TABLE. 00013600
000064 D 505 1000 C 132 COOOO 00138 162 SERIALLP CLC MANNUMBR,SARGUMNT IS THIS THE ITEM ? 00013700
00006A 4780 C05 0 00056 163 BE RETURNO FOUND, RETURN TO CALLER. 00013800
00006E 4110 100C OOOOC 164 LA Rl,NEXTITEM 00013900
000072 5910 C 122 00128 165 C Rl,POINTER END OF THE USED TABLE SPACE ? 00014000
000076 4740 C05E 00064 166 BL SER IALL P NO, LOOP TO END OF TABLE. 00014100
00007A 47FC C054 0005A 167 B RETURN4 NO MATCH FOUND, RETURN ERROR CODE. 00014200
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

169 *££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 00014400
170 * THIS CODE TESTS THE SERIAL DATA HANDLING ROUTINES BY ADDING 0001450C
171 * A NEW ITEM TO AN EXISTING TABLE, TRYING TO ADD A DUPLICATE, 00014600
172 * AND SEARCHING FOR AN ITEM THAT IS IN THE TABLE. 00014700
173 *££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££££ 00014800

0 0007 E 4110 C 126 0012C 174 TESTCODE LA Rl,ADSERIAL 00014900
000082 45E0 C028 0002E 175 BAL R14,INSERT GO INSERT A NEW ITEM 00015000
000086 47FF C 084 0008A 176 X B *+4(R15) 00015100
00008A 47F0 C08 A 00090 177 B * + 6 00015200
00008E 0000 178 DC H* 0 * DUMP IF INSERTION FAILS. 00015300
000090 4110 CGC2 C00C8 179 LA Rl,TESTDATA TRY TO INSERT A DUPLICATE 00015400
000094 45 EO C02 8 0002E 180 BAL R14,INSERT 00015500
000098 47FF C096 C009C 181 B *+4(R15) 00015600
C0009C 07CG 182 NOPR 0 00015700
00009E 0001 183 DC H' 1' DUMP UNLESS I GET A DUPLICATION ERROR 00015800
0 0 00AO 45E0 C05A 00060 184 BAL R14,SERIAL SEARCH FOR AN ITEM THAT IS IN TABLE. 00015900
0000A4 D505 C 132 1000 0G138 00000 185 CLC SARGUMNT,0(R l ) 00016000
0 0 0 0AA 4780 C 138 0013E 186 BE SERIALOK 00016100
OOOOAE 0002 187 DC H' 2' DUMP IF WE CAN'T FIND IT. 00016200

OOOOBO F2F6F4F8F3F3C4F1 189 TABLE DC C 2 6 4 8 3 3 D 16021' £££££££££££££££££££££££££££££££££££££ 00016400
OOOOBC F1F5F7F6F4F2C4F1 190 DC C'157642D11106• £ THIS IS THE TABLE AND TEST DATA £ 00016500

•aQ 0000C8 F2F2F5F6F1F7E6F1 191 TESTDATA DC C'225617W14947' £ FOR THE SERIAL STORAGE AND £ 00016600
s 0000D4 F9F8F5F1F6F3E6FG 192 DC C985163W01628' £ RETRIEVAL ROUTINES. £ 00016700

OQOOEO F5F4F1F6F7F3C4F0 193 DC C'541673D02825' £££££££££££££££££££££££££££££££££££££ 00016800
OOOOEC 4 C40404040404040 194 TABLEMPT DC 5CL12' ' 00016900
000128 OOOOOOEC 195 POINTER DC A(T ABLEMPT) 00017000
00012C F7F7F1F5F4F3E6F1 196 ADSERIAL DC C771543W19667' 00017100
000138 F2F2F5F6F1F7 197 SARGUMNT DC C'225617' 00017200
00013E 198 SERIALOK DS OH 00017300

200 *********************************************************************** 00017500
201 * 00017600
202 * ANSWER THESE QUESTIONS ABOUT THE SERIAL STORING AND SEARCHING 00017700
203 * ROUTINES ABOVE. (USE THE CODE TO GET YOUR ANSWER.) 00017800
2 04 * 00017900
205 * 1 . HOW MANY TIMES WAS THE CLC " INS ERTLP" EXECUTED WHEN 00018000
206 * "ADSERIAL" WAS INSERTED IN THE TABLE ? 00018100
207 * 00018200
2 08 * 2 . WHICH INSTRUCTION TESTS FOR THE END OF THE TABLE ? 00018300
209 * 00018400
210 * 3. WHY IS THE BASE REGISTER FOR "MANNUMBR" DIFFERENT FOR 00018500
211 * INSTRUCTIONS "INSERTLP" AND "SERIALLP" ? 00018600
212 * 00018700
213 * 4. HOW MUCH DATA WOULD GET MOVED IF I WROTE: 00018800
214 * A. MVC FUNCTION,ADSERIAL+6 ? 00018900
215 * B. MVC INDICATR,ADSERIAL+6 ? 00019000
216 * 00019100
217 ******** AT THIS TIME, DISPLAY THE BLUE SIDE OF THE "ANSWER CUE". 00019200
218 * 00019300
219 *********************************************************************** 00019400
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LOG OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

***sjc#* ajc aje ## #ajc # ## :je sje*jje* $ * j{c #*#* ###*#afe ##** * ## * ** # * * *  *# ** *
*
* ANSWERS FOR THE SERIAL TABLE HANDLING ROUTINES.
*
*
*
*
*
*
*
*

1. "INSERTLP" WAS EXECUTED 5 TIMES, BECAUSE THERE WERE 
ALREADY 5 ENTRIES IN THE TABLE.

2. THE INSTRUCTION: • C R15,POINTER • TESTS FOR THE
END OF THE TABLE, AND THE INSTRUCTION: ■ BL INSERTLP « 
ACTS ON THE RESULTS OF THAT TEST.

* 3. BECAUSE THE • DROP R15 » AND • USING DAT A IT EM,R1 •
* PSEUDO-INSTRUCTIONS CAUSE THE ASSEMBLER TO CHANGE BASE
* REGISTERS FOR ALL SYMBOLS IN THE "DATAITEM" DUMMY SECTION.
*
* 4. A) 6 BYTES, THE LENGTH OF «FUNCTION».
* B) 1 BYTE, THE LENGTH OF 'INDICATR'.
*

It####*###*#*#*#####***###.*##*##***# ***#*##***#**#***#

8

9/16/70

00019600
00019700
00019800
00019900
00020000
00020100
00020200
00020300
00020400
00020500
00020600
00020700
00020800
00020900
00021000
00021100
00021200
00021300
00021400
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LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70

241 *
2 42 *
243 *
244 *

246 *•
247 *
248 *
249 *
250 *
251 *
252 *
253 *
2 54 *
255 *
2 56 *
257 *
258 *
2 59 *
260 *
261 *
262 *
263 *
264 *
265 *
266 *
2 67 *
268 *
2 69 *
270 *
271 *
272 *
273 *
274 *
275 *
276 *
277 *
278 *
279 *
280 *
281 *■

* + + +++ + + + -M- +• -M* ++++++ + + *

* DIRECTLY ORGANIZED DATA TABLES *
*  ---— -------- -------------- *
♦*******jMf ************************

H-++++♦+♦+++♦+++++++++++++++++++++

AS YOU HAVE SEEN, THE SERIAL SEARCH IS SIMPLE TO CODE AND 
QUITE WORKABLE. IT IS, HOWEVER, A BIT ON THE SLOW SIDE AS 
FAR AS PROCESSING TIME IS CONCERNED. MAYBE THERE IS SOMETHING 
FASTER...

LET1S CONSIDER THE *DIRECT* FORM OF STORAGE AND RETRIEVAL, 
WHICH GOES BY THE CARDINAL RULE: "A PLACE FOR EVERYTHING 
AND EVERYTHING IN IT'S PLACE” •

FOR THE SAKE OF ILLUSTRATION, LET US ASSUME THAT THERE 
ARE ONLY 1000 EMPLOYEES IN THIS COMPANY AND THAT THEIR 
MAN-NUMBERS RANGE FROM 1 TO 1000.. I KNOW THAT THIS ISN'T 
TRUE, BUT BEAR WITH ME..

IF IT WERE TRUE, WE WOULDN'T NEED TO SEARCH FOR ANY ONE ITEM. 
RATHER, WE COULD STORE IT IN IT'S OWN UNIQUE STORAGE LOCATION 
WHICH WAS EQUAL TO 'TABLE'+(12 X (MANN0-1J), AND WE'D HAVE 
A TABLE THAT LOOKED LIKE:

'DIRECT AB'

I
+— —---*•--- — —— — — — --—--- — F
1000002 DATA FOR MAN # 2 |

--------— — --+
)))))))))))))))>)))))))))))
(((((((((((((((((((((((((((
+------------------------------ +
1001000 DATA FOR MAN #10001
+------------------------ ------ +
|<-------12 B Y T E S ---------->|

1000001 DATA FOR MAN # 1

NOTICE THAT EACH DATA ITEM IS IN 
POSITION IN THE TABLE BY THE MAN 
NUMBER THAT IT CONTAINS. IN A 
TABLE LIKE THIS, IT IS NOT REALLY 
NECESSARY TO HAVE THE ARGUMENT IN 
EACH DATA ITEM, SINCE EACH ITEM 
WILL BE LOCATED BY IT'S UNIQUE 
ADDRESS (WHICH IS A DIRECT 
FUNCTION OF IT'S ARGUMENT) AND 
NOT BY SEARCHING THROUGH THE 
TABLE FOR IT'S ARGUMENT. THE 
MAJOR ADVANTAGE OF SUCH A TABLE 
IS IT'S SPEED AT LOCATING DATA.

* + +t + t++t++ +++ + + t+++m + + + + + + + ++++ +++ +++f + + +++ + ++++ +++++ + +++++ + +++++m

9/16/70

00021600
00021700
00021800
00021900

00022100
00022200
00022300
00022400
00022500
00022600
00022700
00022800
00022900
00023000
00023100
00023200
00023300
00023400
00023500
00023600
00023700
00023800
00023900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700
00024800
00024900
00025000
00025100
00025200
00025300
00025400
00025500
00025600
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OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

283 
2 84
285
286
287
288
289
290
291
2 92
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
3 08
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331

*+ + + + + + + + + + + ++++ + + ++-H-+ + + + + ++ + + + + + + + + + + + + +-M- +♦ + +++ + + •»■♦+ + + + + + -M- + + + +++ + + +
*
*
*
*
*
*

*
❖
❖

*
*
*
*
*
*
*
*
£
*
*
❖
*
*
*
*
*
*
*
*
*
*•
*
*
*
*
*
*
*
*
❖
*
*
*
£
❖
*+++++

AS I SAID BEFORE, YOU KNOW THAT WE EMPLOY MORE THAN 1000 
PEOPLE, SO LET'S SEE WHAT HAPPENS WHEN WE USE A MORE 
REALISTIC FIGURE IN THE SOLUTION OF THE LAST PROBLEM.
THE FIRST THING WE MUST CONSIDER IS THAT THERE ARE 1,000,000 
POSSIBLE SERIAL NUMBERS IN OUR MAN-NUMBERING SCHEME.
THIS MEANS THAT IF WE WANTED TO BUILD A DIRECT TABLE FOR 
OUR DATA ITEMS WE'VE BEEN USING, WE NEED ABOUT 12,000,000 
BYTES OF CORE FOR OUR TABLE. PRETTY UNREASONABLE, ISN'T IT ?? 
IT IS ESPECIALLY UNREASONABLE WHEN YOU CONSIDER THAT WE 
EMPLOY SIGNIFICANTLY FEWER PEOPLE THAN THAT, SO MOST OF THE 
TABLE SPACE WOULD BE WASTED....

THAT'S TOO BAD, BECAUSE THE DIRECT SCHEME WOULD HAVE BEEN 
QUITE FAST.

FORTUNATELY, THIS IS AN OLD PROBLEM AND SOME OLD BODY 
FIGURED OUT AN OLD SOLUTION TO THE PROBLEM.

LET'S ASSUME THAT WE HAVE 200,000 EMPLOYEES TO WORRY ABOUT. 
THIS MEANS THAT 4/5-THS OF OUR SERIAL NUMBERS ARE UNASSIGNED, 
AND THAT WE WOULD NEED ONLY A 200,000 POSITION TABLE,
RIGHT?? TRUE ENOUGH, BUT, THERE IS SOMETHING ELSE WE HAVE 
TO CONSIDER. WE WANTED EACH MAN NUMBER TO TELL US WHERE THE 
ITEM GOES IN THE TABLE ON THE BASIS OF THE NUMBER ITSELF, AND 
THAT'S NOT GOING TO WORK TOO WELL WHEN WE TRY TO CRAM 
200,000 NUMBERS RANGING FROM 1 TO 1,000,000 INTO OUR 200,000 
ENTRY TABLE AND STILL ACCESS THEM WITHOUT A SERIAL SEARCH.

O.K.???, WE NEED TO TRY TO MAKE EACH MAN NUMBER FIT INTO 
A RANGE OF NUMBERS FROM 0 TO 199,999. THERE IS A VERY EASY 
WAY TO DO THIS, CALLED 'MODULO DIVISION» BY 200,000.

FOR THE NON-MATHEMATECALLY ORIENTED, tOR NON-SELF-CHECK 
KEY-PUNCH TRAINED), MODULO DIVISION IS JUST LIKE ORDINARY 
DIVISION, EXCEPT THAT WE THROW AWAY EVERYTHING BUT THE 
REMAINDER AFTER DIVISION. THIS TECHNIQUE, CALLED 'HASHING' 
LOOKS LIKE:

QUOTIENT(WHICH WE JUNK) +

200,000) MAN NUMBER

REMAINDER(A NUMBER FROM 
0 TO 199,999, 
WHICH WE KEEP)

SO. NOW EVERY MAN NUMBER 'HASHES' DOWN TO A NUMBER FROM 0 TO 
199,999 ; WHICH, WHEN MULTIPLIED BY THE DATA LENGTH (12 BYTES 
IN THIS EXAMPLE) GIVES US THE ADDRESS AT WHICH THE ITEM IS TO 
BE STORED.

+ + +  + + + + + ♦ + + + + + ♦ ♦  ♦ + + + + + * + + + + 'M-+ + + + + + + + + + -M* ■»- + ■»- + ■»- + + + + + -M--H- + + + + -H--M--M-

00025800
00025900
00026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300
00027400
00027500
00027600
00027700
00027800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
0C029800
00029900
00030000
00030100
00030200
00030300
00030400
00030500
00030600

L



DIRECTST
****Al ********* 

«INDICATE STORE *
* OPERATION * ---* * A* * * £  * * * * * ajc sjs * *  *  £

DIRECTS2
j{c##55s£A2 ********** £ $ 
«CONVERT KEY TO «

--->«A BINARY NUMBER«* * 
* * *****************

DÏRECTSH
****BI********* 

«INDICATE SEARCH*
* OPERATION *
* * ***************

V*****%2**********
* DIVIDE BY 20, *
* MULTIPLY *
* REMAINDER BY * 
«LENGTH OF DATA *
* ITEM (12) . ******************

V
.*.

C 2 *.ijc
.* “ IS THIS #*. YES

«.ENTRY BLANK ?.* ----
* .  .*

* .  .*
*. .*

* NO

V

D 2 *.£ #
.*’ STQRF #*. YES 

*. OPERATION ? .* — —
* .  .  *

* .  .*
* .  .*

* NO

<

V
###*£ 2 ********* 

«RETURN, CGDE= 0 * 
*/ ITEM ENTERED * 
«OR NO SUCH ITEM* ***££££*:{£*£££**

* 
# 
-* 
-:<• 
#

CHART DIRECT 
PAGE 001 OF 001

ALROYIN
****d^*********

«RETURN, CODE =4* 
— >*/ DUPLICATE OR * 

* FOUND ITEM. * ***************

****ü^**********
*

INSERT THE ITEM* 
TN THE TABLE. *

*
******************

-v
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LOC OBJECT CODE ADDR1 ADDR2 ST MT SOURCE STATEMENT F08APR70 9/16/70

346 *+ + + + + + + + + + -H-++ + + + + + + + + + -H- + -M- + + -M- + ++ + + + + + + + + + ++++ + + + + + + + + + + + + + + ++ + + + + + + 00032100
347 * 00032200
348 * BRANCHING TO 'DIRECTST « CAUSES A DATA ITEM TO BE ADDED TO 00032300
349 * THE TABLE (PROVIDED IT IS NOT ALREADY IN THE TABLE). A CODE 00032400
350 * OF 0 IS RETURNED IF THE ITEM GETS INSERTED, 4 IF IT DUESN'T. 00032500
351 £ BRANCHING TO 'DIRECTSH ' LOCATES THE ITEM WHOSE ARGUMENT IS 00032600
352 ❖ PASSED. ON RETURN, REG 15 CONTAINS 0 IF FOUND, 4 IF NOT FOUND. 00032700
353 ❖ REGISTER 1 IS USED TO PASS THE ADDRESS OF EITHER A DATA ITEM 00032800
3 54 * OR A SEARCH ARGUMENT, DEPENDING UPON THE DESIRED OPERATION. 0 C032900
355 * 00033C00
356 * FOR PURPOSES OF ILLUSTRATION, AND, JUST FOR THE SAKE OF 00033100
357 * BEING QUITE LAZY, I'M GOING TO RESTRICT THE TABLE 'DIRECTAB' 00033200
358 ❖ TO A 20 ITEM TABLE, RATHER THAN THE 200,000 ITEM ONE WE'VE 00033300
359 ❖ BEEN TALKING ABOUT. 00033400
360 ❖ 00033500
361 *+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + -M- + + + 4- + 4- + 4- + + + + + + + + + + + + + + + + + + + +++ + + + 00033600

00013E 47F0 C292 00293 362 B DIRECT BRANCH TO THE TESTING CODE. 00033700

000142 1BFF 364 DIRECTST SR R15 ,R15 SET UP STORE INDICATION 00033900
000144 1821 365 LR R 2 , R 1 00034000
00C 146 P2 75 C2 8A 1000 00290 00000 3 66 DIRECTS2 PACK DOUBLE,MANNUMBR CONVERT 'MAN NUMBER' TO AN ADDRESS 00034100
00014C 4F10 C28A 00290 367 CVB R 1 ,DOUBLE IN THE TABLE, BY USING MODULO 00034200
000150 1B 00 368 SR RO,RO* DIVISION BY 20 (THE MAXIMUM NUMBER 00034300
000152 5D00 C182 00188 369 D R O ,F2 0 OF ITEMS OUR TABLE WILL HOLD). 00034400
000156 1810 370 LR R 1 , RO 00034500
000158 8900 0002 00002 371 SLL RO , 2 0 * 00034600
C 0015 C 8910 0 003 00003 372 * SLL Rl,3 00034700
CC016C 1 A10 373 AR R 1 ,RO J 00034800
COO 16 2 4111 0194 GC19A 3 74 LA R 1 , D IR E Ĉ T A B ( R1 ) • 00034900
000166 D5 05 1000 Cl 86 00000 0018C 375 CLC MANNUMBR,BLANKS IS THIS SPACE EMPTY ? 00035G00
0 0 0 16 C 4770 C 172 00178 376 BNE ALRDYIN NO, DUPLICATE, RETURN. 00035100
000170 440 F C 180 00192 377 EX RO,SELECT(Rl5) EITHER INSERT THE ITEM OR NO-OP• 00035200
000174 1BFF 3 78 SR R 15,R 1 5 GOOD RETURN, SET CODE = 0. 00035300
000176 07FE 379 BR R 14 00035400
000178 41 ̂  0 0004 00004 380 ALRDYIN LA R 1 5,4 SET UP ERROR RETURN CODE. 00035500
00G17C 07FE 381 BR R 14 00035600

~ 0 0 17 E 41 FG 0006 00006 383 DIRECTSH LA Rl 5 , 6 SET UP SEARCH INDICATOR. 00035800
000182 47F0 Cl 40 00146 384 B DIRECTS2 GO SEARCH TABLE FOR ITEM. 00035900

386 *88888888888888888880888888S88&8&&88&88&8&8S88&8808&8888S088&&&88S88888 00036IOC
387 £ THESE ARE THE CONSTANTS USED BY THE DIRECT STORAGE AND 00036200
388 * RETRIEVAL ROUTINES. 00036300
389 * 8888888888888888808880888888888888888888888888888888888888888888888888 00036400

000186 0000
COO 188 00000014 390 F20 DC F '2C ' NUMBER OF ITEMS IN THE TABLE 00036500
00018C 404040404040 391 BLANKS DC 6C ' ' 00036600
000192 D20B 1000 2CGG OGOOO 00000 392 SELECT MV C MANNUMBR(ITEMLEN),0(R2) 00036700
000198 07C0 393 NOPR 0 00036800
00019A 4040404040404040 394 DlRECTAB DC 20CL12' ' 00036900
000290 395 DOUBLE DS D 00037C00
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

397 00037200
398 ❖ THIS CODE TESTS THE DIRECT STORAGE AND RETRIEVAL CODE ABOVE. Ü0037300
399 * IT ADDS 3 ITEMS TO THE TABLE AND THEN RETRIEVES ONE OF THEM. 00037400
400 *££&&&££EEC&C&&&CEEEEC£££££&£££&£ECEE&S&&EC&E&GE&EEEEEE&££&&££&££&£&£&£ 00037500

000298 4110 C2 DC 002E2 401 DIRECT LA RitITEM1 FIRST ITEM TO BE INSERTED 00037600
00029C 45E0 C13C 00142 402 BAL R14 f DlR ECTST 00037700
0002AO 47FF C29E C02A4 403 B *+4(R15) 00037800
0002A4 47F0 C2A4 002 A A 404 B * + 6 00037900
0002A8 0003 405 DC H' 3' DUMP IF IT DOESN'T GET INSERTED. 00038000
0 0 0 2AA 4110 C2E 8 002EE 406 LA Rl,ITEM2 SECOND ITEM TO INSERT. 00038100
0002A E 45 EO C 13 C 00142 407 BAL R14tDIRECTST 00038200
0002B2 47FF C2B0 002B6 408 B *+4(R15) 00038300
0002B6 47 FO C2B6 002BC 409 B *4-6 00038400
0002BA 0004 410 DC H ' 4 * DUMP IF IT DOESN'T GET INSERTED. 00038500
0002BC 4110 C2F 4 002FA 411 LA RitITEM3 THIRD ITEM TO INSERT. 00038600
0 G02C0 45 EO C13C 00142 412 BAL R14,DIRECTST 00038700
0002C4 47 PF C2C2 0 0 2 C 8 413 B *+4(R15) 00 03 8 800
C002C8 47F 0 C2C8 002CE 414 B *4-6 00038900
00C2CC 0005 415 DC H' 5' DUMP IF INSERTION FAILS. 00039000
0002CE 4110 C300 00306 416 LA RitSEARCH1 ITEM TO BE SEARCHED FOR. 00039100
0 0 0 2D2 45 EO C 17 8 0017E 417 BAL R14,DIRECTSH 00039200
G002D6 D505 1000 C30G 00000 00306 418 CLC MANNUMBRtSEARCH 1 IF THE RETURNED VALUE DOESN'T MATCH, 00039300
0002DC 4780 C306 0030C 419 BE DIRECTOR THEN TAKE A DUMP. 00039400
0 002 E 0

o00

0002E2

0006 420 DC H' 6 ' 00039500

F1F1F1F1F1F1E6F1 422 IT EM 1 DC C'llllllWlllll' £&£&££&&&££££&££££££&£SEE££££&££&£££ 00039700
0002EE F1F2F3F4F5F6C4F1 423 ITEM2 DC C'123456D123451 & THESE ARE THE TEST DATA ITEMS & 00039800
0002FA F4F4F4F4F3F1C4F4 424 IT EM 3 DC C 1444431D44444 * & FOR THE DIRECT DATA TEST ROUTINE.E 00039900
000306 F1F1F1F1F1F1 425 SEARCH1 DC C 1 1 1 1 1 1' EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 00040000

427 00040200
428 * 00040300
429 * ANSWER THE FOLLOWING QUESTIONS CONCERNING THE DIRECT STORAGE 00040400
430 * AND RETRIEVAL ROUTINE ON THE PREVIOUS PAGE. (USE THE CODE TO 00040500
431 * FIND YOUR ANSWERS. 00040600
432 * 00040700
433 * 1•WHAT ARE WE DOING WITH THE INSTRUCTION SEQUENCE: 00040800
434 * LR RlfRO 0004090C
435 * SLL R O ,2 00041000
436 * SLL R 1,3 00041100
437 * AR RlfRO 00041200
438 * 00041300
439 * 2. WHAT HAPPENS WHEN WE EXECUTE THE " EX RO,SELECT(R15) " C0041400
440 * INSTRUCTION WHEN WE ARE TRYING TO: 0C041500
441 * A. INSERT "ITE MlM ? 00041600
442 * B. LOCATE "SEARCH1” ? 00041700
443 * 00041800
444 00041900
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OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

446
447 
44 8
449
450
451
452
453
454
455
456 
4 57
458
459
460
461
462

*********************************************************************** 
❖
*
*
*
*
*
❖
*
*
&
#
******** WHEN YOU HAVE FINISHED THESE, DISPLAY THE RED SIDE OF THE
* «ANSWER CUE” .
*
*********************************************************************** 
DIRECTOK DS OH

ANSWER THE FOLLOWING CONCERNING THE DUMP ON THE NEXT PAGE:

1. AT WHAT POINT IN THE PROGRAM DID WE TAKE THE DUMP ?

2. WHAT WAS THE RETURN CODE ?

3. WHY WAS THIS RETURN CODE GENERATED ?

4. WHAT STORAGE ADDRESS DOES MAN NUMBER 444431 •HASH* TO IN 
OUR DIRECT TABLE 'DIRECTAB' ?

00042100
00042200
00042300
0004240C
00042500
00C42600
00042700
00042800
00042900
00043000
00043100
00043200
00043300
00043400
00043500
00043600
00043700



F . P REGS. GO.000000 CGOOOOOO 00.12C002 02010970 FF.040001 5Q00AC16 00.000000 0001D730

REGS 0-7 00000G2C 0005ACDE 0005ADBA 00000000 0001AB98 0001B0E8 0001D140 0001BA48
REGS 8-15 0001DOAG 00000000 0001D0C8 00000000 6FC5AAC6 0005B204 8F05AD84 00000004

000000 OOOOOOCO 00000000 00000000 00000000 0 0 0 5 AACO OOCOOOOO F F040080 A000A93C * ......................................... ❖
000020 FF 050001 4007EA2C F FB 50001 6F05AD8E OOOOFFOO 00000000 FE04000F 80000A1 E ......................................
000040 00C7GD98 08000000 00001468 00005920 02CC31A4 0000996C C0040000 00007498 * .........................................
000060 00040000 000C7BC8 00040000 00007588 00000000 00012D10 00040000 0C00751A * ..................H ...................

05AAC0 90 ECDOCC C5C041F0 C73E50FD C00850DF C0C418DF D703D008 D00858F0 C78AD201 * ..................O G ................
0 5 A A E 0 F000C022 4 7 FOG024 0 7F E47F 0 C 078 41 F 0 C0AAD505 F00010 00 4780C054 41F0 F 0 0C

ooo*

0 0 . *
C5AB0C 59F0C122 4740C02C D20BF000 100041F 0 F00C50F0 C 1 2 2 1 B FF 0 7F E41F 0 000407F E

o<o.

05AB20 4 1 1 O C u A a D5G51000 C 1324780 C 0504110 100C5910 C 1224740 C 05E47F0 CO 544110 * .  . .  . N .  . . A ...............
05AB4C C 12 645 E 0 CC2847F F C C8447F0 C08A0000 4110C0C2 45E0C028 47FFC0 96 07000001 * A .......................... 0 .  . . . . .  *
05AB60 4 5 E 0C05A D 50 5 C 132 10004780 C 1380002 F 2 F 6 F 4 F 8 F 3 F 3 C 4 F 1 F6F0F2 F1 F 1 F 5 F 7 F 6 * . . . .  N . A . . . . .  A . . . 264833D160211576*
05AB80 F 4F 2 C 4 F1 F1F 1F GF 6 F 2 F 2 F 5 F 6 F 1 F 7 E 6 F 1 F 4 F 9 F 4 F 7 F 9 F 8 F 5 F 1 F 6F 3E 6F  0 F 1 F 6 F 2 F 8 *42D11106225617W14947985163W01628*
05ABAC F 5 F 4 F 1 F 6 F 7 F3C4 F0 F 2 F 8 F 2 F 5 F 7 F 7 F 1 F 5 F4 F 3 E 6F 1 F 9 F 6 F 6 F 7 40404040 40404040 *541673D02825771543W19667 *
05ABC0 40404040 40404040 40404040 40404040 40404040 40404040 40404040 40404040 ❖ *
05ABE0 4040404C 404C4040 0005ABB8 F 7 F 7 F 1 F 5 F4F3 E 6F 1 F 9 F 6 F 6 F 7 F 2 F 2 F 5 F6 F 1 F 7 4 7 F 0 * . . . . 7 7 1 5 4 3 W19 6 6 7 2 2 5 6 1 7 . 0 *
05AC00 C 2 9 2 1 B FF 182 I F  275 C28A100 0 4F10C28 A 1 B005D00 C1821810 89000002 89100003 * B ............ 2 . B ............. B
0 5 AC20 1A104111 C194D5C5 1 0 C 0 C 186 477 OC 172 440FC18C 1BF F 07F E 41F000C4 0 7 F E 41 F 0 ^ . . . .  A . N . . .  A . . .  A
05AC40 00C 64 7FC C14C0000 00000014 40404040 4040D20B 10002000 07004040 40404040 * . . . 0 A  ............... C. . . *
05AC60 40404040 40404040 40404040 40404040 40404040 40404040 40404040 40404040 *
0 5A C 9 0 40404040 4040404C 40404040 40404040 40404040 40404040 40404040 40404040 ❖ *
05ACA0 40404040 40404040 4 C404G4C 40404040 40404040 4C404040 4C4C4040 40404C40 ❖ *
05ACC0 40404040 40404040 40404040 40404040 40404040 40404040 40404040 4C40 F 1 F1 11*
05ACE 0 F 1 F 1F 1 F1 E6F1F1F1 F I F  14040 40404040 40404040 40404040 40404040 4C404040 * U 1 1 W 1 1 1 U *
0 5 A D 0 0 4 0 4 0 4 0 4 C 40404040 4 0404040 40404040 40404040 4040404C 4040F1 F2 F 3 F 4 F 5 F 6 ❖ 123456*

^  0 5 AD2 0 C 4 F 1 F 2 F 3 F4F540 40 40404040 40404040 40404040 40404040 40404040 40404040 *D12345
° 0 5 A D4 0 4 0 4 0 4 J 4 C 40404040 4040C5 04 C 0400 000 00000000 0444431F 4110C2DC 45E0C13C * F .  . .

05AD6C 4 7 F F C 2 9 È 47F0C2 A4 00034110 C 2 E 845E 0 C 13C47 F F C2BC47F0 C2B60004 4110C2P4 * . . B . . O B ............B Y .
0 5 A D 9 0 45E0C13C 47FFC2 C2 47F0C2 C8 ÜC05411Q C3G045E0 C178D505 1000C300 478 CC 30 6 * . . A . . . B B . O B H . . .
05ADA 0 0006F1 F1 F1 F 1 F 1 F1 E6 F 1 F 1 F 1 F 1 F 1 F 1 F 2 F 3 F 4 F 5 F 6 C 4 F 1 F 2 F 3 F 4 F 5 F 4 F 4 F 4 F 4 F 3 F 1 * . . I l l 1 1 1 W  111111 23456D12345444431*
0 5 A DC 0 C 4F 4F 4F 4 F 4 F 4 F 1 F 1 F I F  I F  I F  1 47F0C4 2E 182 I F  27 5 C28A100 0 4F10C2 8A 1B005D00 * D 4 4 4 4 4 l l l l l l . G D . . . *
05ADE0 C 4 2A890 0 000241F0 C 3 8 A 1 A F 0 581F 0 00 0 12114770 C338 4 1 FF 000147F0 C356D505 * D ...............0 C . . 0 . . . . . . ,. . C  . ............OC . N . *
05AE00 10002000 4780C3 7 A 41FC1C0C D202C383 1GGC5810 C 38 21 2 11 477CC3 38 D202F000 n o o

05AE2Q C38758FG C386181F D20B1000 200QD702 100C100C 41 FF CO0 F 50F0C3 86 1 BF F 0 7 F E *C.  . O C .  . . K ............ P
05AF40 4 1 F 00C 04 07FE00CG COOOOOGO 0 0 0 5 A E 7 8 o o c o o o o o 00000000 00000000 00000000 * . 0 • . . . . . . . . . . . .
05AE6C ■ j  0 0 0 C 0 ‘s> o • j 0 o L 0 0 0 0 o o o c o o c o 0 00 00 0 00 o o c c o o o o OOCOOOOO 404C4C4Q 4040404C * ............................... *
05AE80 4w404o4u 40404040 40404C40 404 04 04 0 40404040 40404040 40404C4G 40404040 * *
05AFAG 40404040 4040404C 40404040 40404040 4040 40 40 40404040 404C404C 40404040 * *
05 AEG C 404040 F 4 FCFOFOFO F 1 F 8 F C F 0 F 0 F 3F 1 E6 F 1 F 2 F 3 F 4 F 5 F 6 F 0 F 0 F 0F CP 6C4 F 3 F 2 F 5 F 6 * 4C0001 800001W123456 00006D 3256*
05AEEO F 8 F 4 F 0 F C F 0 F 0F 1 C 4 F 9F 8 F 7 F6 F 5 0 0 0 C C 0 0CC30D40 4110C403 45ECG3GA 4 7FFC4 3 A * 8 4 0 0 0 C l D Q8 7 6 5 . . • C . *
0 5 A F 0 0 47F OC 44 C 00074110 C40F 4 5 E0 C 3 C A 4 7 F F C44C47F0 C4520008 4110C41B 45 E OC 30A * . OD . . . . D • • . C . •
C5AF20 4 7 F F C 4 5E 47F0C464 0 0 0 9 4 1 1 C C3FD45EC C 3 0 A 4 7 F F C47000 0A 07 0000 14 411GC78E * .  . D .  . G D ............C .  .
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05B100
05B120
05B14C
Q5B16Q
05B180
05B1A0
05Ö1C0
05B1E0
05B20Ö
05B220
05B240
05B260

05B82C

10554640 
C65E0C0C 
F5F1F2F1 
F4F8E64G 
F2F7F6F5 
40404040 
F1F2C440 
F8F8F0F9 
07FE05EF 
00C5E5A8 
40404040 
90ECDÜCC

C62441F0 
41IOC 67 8 
F0F1F0F4 
40404040 
F9F9E640 
F5F5F1F7 
4040404C 
F3F2C440 
58F0916A 
G0G61C38 
4B4G4040 
05C004F0

000407FE 
45E0C616 
F3F8E640 
F1F4F6F7 
40404040 
F8F3C440 
F7F7F1F 5 
40404040 
00066F6 8 
00000000  
40404040 
07004110

50401010 4340A008 12444780

18121BFF 
47FFC66A 
40404040 
F9F2C440 
F3F3F3F4 
40404040 
F3F2C440 
F9F1F0F2 
00000000  
cooooooo
404B4040 
C0100511

885C4820

07FE4110 C67245E0 C61647FF C65847F0 *. . .
00CD0700 47F0C732 F 2F6F4F 8 F3F3F5F 5 *F . . 4 ..OG.26483355*
F 0F9F8F6 F7F3C440 4040404C F1F2F1F3 *5121010438W 098673D 1213*
40404040 F2F6F4F8 F3F3C440 40404040 *48W 146792D 264833D *
F8F2C440 40404040 F4F1F3F7 F3F3E640 *276599W 333482D 413733W *
F5F9F9F4 F5F2E640 4040404C F6F7F8F9 * 551783 D 599452W 6789*
40404C40 F8F0F0F3 F2F0E640 40404040 * 12D 771532D 800320W ❖
F3F4C440 40404040 58DD0004 98 ECDOOC *880932 D 910234D
00060840 000648E8 000635E0 00061C38 * . . . .
00459000 C9C5C6F4 F5F1C940 40404040 *. . V, .IEF451I *
0005B51E 00010018 C00200BA 0006E84C * • •

0F05B304 7FFF0A0E 58B00010 9110B074 * . • . 4

A00E5420 8A9E4780 87FC0620 5A20B010 *. . ,
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DIRECTLY ORGANIZED DATA PAGE 14

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

464 *********************************************************************** 00043900
465 * 00044C00
466 * ANSWERS FOR THE DIRECT STORAGE AND RETRIEVAL ROUTINE. 00044100
467 * 00044200
468 * 1. MULTIPLYING REGISTER 1 BY 12 TO GET THE PROPER DISPLACEMENT 00044300
469 * IN THE TABLE * DIRECTAB*• 00044400
470 * 00044500
471 * 2. A) THE DATA ITEM » I T E M 1 «  GETS MOVED INTO THE TABLE. 00044600
472 * B) NOTHING (NOP). 00044700
473 * ' 00044800
4 74 *********************************************************************** 00044900

4 76
477
478
479
480
481
482
483
484
485
486
487
488
489

*********************************************************************** C0045100
00045200 
00045300 
00045400 
00045500 
00045600 
O00457G0 
00045800 
00045900 
00046000 
00046100 
00046200 
00046300

*********************************************************************** 00046400

*
*
*
*
*
*
*
*
*
*
*
*

ANSWERS FOR THE DIRECT STORAGE ROUTINE DUMP.

1. WE WERE TRYING TO INSERT 1 IT EM3• INTO THE TABLE.

2. THE RETURN CODE WAS 4.

3. THE SPOT WE WERE TRYING TO USE IN THE TABLE ALREADY 
CONTAINED A DATA ITEM.

4. X'öSAEfcE* OR 1 STORAGE• + X •02 IE • OR %DIRECTAB,+ X ,84* •
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DIRECT STORAGE WITH SYNONYMS PAGE 15

LOC OBJECT CODE A DDR 1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

491 *
492 * 
49 3 * 
494 *

496 *
497 *
498 *
499 *
500 *
501 *
502 * 
5C3 *
504 *
505 * 
5 06 *
507 *
508 * 
5 C 9 * 
51C *
511 *
512 *

**************************************
* DIRECT DATA STORAGE WITH SYNONYMS. *
*  ---------- r_  — p— --------------- ----------- ------------- •---------*

**************************************

SYN.ONYM /'SIN-E-NIM/. N (ME SINONYME, FR. L SYNONYNUM FR.
GK SYNONYMCN • FR. NEUT. OF SYNGNYMOS SYNONOMOUS,
FR. SYN- +ONYMA NAME) 1. ONE OF TWO OR MORE WORDS 
OR EXPRESSIONS OF THE SAME LANGUAGE THAT HAVE THE 
SAME OR NEARLY THE SAME ESSENTIAL MEANING IN SOME 
OR ALL SENSES: 2: A SYMBOLIC OR FIGURATIVE NAME: 
METONYM 3: A TAXONOMIC NAME REJECTED AS BEING 
INCORRECTLY APPLIED OR INCORRECT IN FORM. - 
SYN.ONYM.IC /SIN-E-NIM-IK/ OR SYN.ONYM.I.C AL / I— KAL/ 
ADJ- SYN.ONYM.I.TY /-NIM-ET-E/ N.

COURTESY OF: WEBSTER* S 7 TH NEW COLLEGIATE DICTIONARY 
G. £ C. MERRIAM COMPANY, 1967.

00046600
000467CC
0004680C
00046900

00047100
00047200
00047300
00047400
00047500
00047600
00047700
00047800
00047900
00048000
00048100
00048200
00048300
00048400
00048500
00048600
00048700

514 * +++ + + + + ++++ + + + + + + +++ +++ + + + + + + •»■ +++ + +++ + + + + + + + + + + ++ + + + + -M-++ + + ++ + + + + + + + + + 0 C048900
515 * 00049000
516 * AS YOU CAN SEE, OUR 'HASHING* TECHNIQUE CAUSES US TO DEVELOP 00049100
517 * «SYNONYMS', WHEN TWO DIFFERENT NUMBERS 'HASH' TO THE SAME 00049200
518 * ADDRESS. SO, WE NEED TO DO SOMETHING TO CORRECT THIS FAULT 00049300
519 * IN OUR SCHEME. ONE OF THE METHODS OF HANDLING THIS PROBLEM 00049400
520 * IS TO PLACE THE 'SYNONYM' IN THE NEXT FREE SPOT IN THE TABLE 00049500
521 * AND 'CHAIN' THE ORIGINAL AND IT'S SYNONYM TOGETHER BY AN 00049600
522 * ADDRESS VALUE, ‘SO THAT WE GET: 00049700
523 * 00049800
524 * + ~ -----------------------+------- + 00049900
525 * | HASHED ITEM # 1 lOOOCOOl 0'S INDICATE ABSENCE OF A CHAIN. 00C50000
526 * +------------------------ •+------- + 00050100
527 * | HASHED ITEM # 2 I +--- *— >+ (CHAINING 00050200
528 * +------------------------ +------+ 1 POINTER.) 00050300
5 2 9 *  I))))))))))))))))))))))))))) I 00050400
5 3 0 *  (((<((((((<((((((((((((((((( I 00050500
531 * +------------------------ +------+ v 00050600
532 * I SYNONYM FOR # 2 |000000|<— + 00050700
533 * +---   +----- •— +■ 0005080C
534 * |<----- 12 B Y T E S ----->|<-3— >| 00050900
535 * 00051000
536 * + + + + + + + + + +++ + + +++ + +++++ + + 4- ++++++ + + ++++HM* + + ++ + 4-++4-++ +++ + + ++++-f'i'+ + + ++-*- + + 00C51100
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0 

«
B
Y
T
E
 
IN 

'C
HA

INS».) 
0
0
0
5
5
5
0
0

581 
* 

0
0
0
5
5
6
0
0

5 32 
« + +++ +

++ + + + + + +++ + +++ + +++ +++ ++++
+ + + + + + + ++ + + + +++-H-+-H- + ++-I- + + -I-++++-M-+ +++ + + + 

0
0
0
5
5
7
0
0

m

On on on on U1 on on on on on on on on U1 VJ1 on on on on on on on on on on on on on on a i on on on on on on on on on on on on
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C  O -H +
2 on > +
c o +
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m 00 73 +
o -H • +

+
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VJ1 U1 U 1 on on -P ' 4> -P' P ' P* P ' ■f' •j j Os) UJ 04 UJ 14 04 UJ UJ UJ no no no no no no no no no no i—* H-* H-> H-* t—•
-p' Os) IS) l - ' o a -s i Cr -p ' Os) no t—» o vO 00 - j O ' on -P' 04 no »-• o vO oc -0 cn on UJ no i—* o o 00 ■—J O ' on P ' UJ
o o o  o o o o o  o o o o o a o o O o O o o o o  o o o o o o o o o o o o o o o o o o  o
o o o  c o o o o  o o o o o o o o o o o o a o o  o o o o o o o o o o o o o o o o o o  o

LOC 
O
B
J
E
C
T
 
C
O
D
E
 

ADDR1 
AD

D
R
2
 

STMT 
S
O
U
R
C
E
 
S
T
A
T
E
M
E
N
T
 

F
0
8
A
P
R
7
0
 

9
/
1
6
/
7
0
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*

CHART SYNONYMS
PAGE 001 OF 001

❖❖❖❖A1*********
*****/\ 2**** ****** 
* CONVERT MAN *

* * NUMBER TO A *
START * --- ---- >* HASH TABLE *

* * ADDRESS. *
*************** *

***************
*

**

+

V
.* .

B2 *. $
.*TS THERE A #*. NO 

* . CHAIN ? .* ~

* . . *
*. . *

* Y E S

V
LOOP .*.

C 2 * .

.*1S TNIS THE 
-->* . ITEM ?

* .
* .  .* 

*. .*
* NO

I

YES * — >

ENTER
**********

* * 
CENTER THE ITEM *

--- >* IN THE TABLE *
A * *
I * *
j **************** *
****

❖  *
* R3 *
*  *
****

DUPE

^RETURN, CODE = *
--- >* 4. -

*  *  
***************

NO
. *.

D1 *.* *
YES .*END OF THE * * •

+—  *. CHAIN ? .*<--- <—
| *. .*
I *. •*
V *. . ** * * * *

V
**D2 *******

*  *
★ GET POINTER * 

*T0 NEXT I TEM IN*
* THE CHAIN. *

***********

****£} 4*** ******
*R ETURN t CODE = 

>* 0 .
*

***************

83

* 
* 
•«■
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LGC O B J E C T  C O D E A D D R 1 A D D R 2 S T M T  S O U R C E S T A T E M E N T F 0 8 A P R 7 0 9 / 1 6 / 7 0

Q 0 Ü 3 0 C 4 7 F  0 C 42 E 0 0 4 3 4 5 97 B C H A  I N T S T B R A N C H  A R O U N D  T H E  I N - L I N E  C U D E . 0 C 0 5 7 2 0 0
C 0 0 3 1 0 1 8 2 1 5 9 8  H A S H I T L R R 2 , R 1 0 0 0 5 7 3 0 0
0 0 Q 31 2 F 2 75 C 28 A 1 C O O CO 2 90 0 0 0 0 0 5 9 9 P A C K D O U B L E , M A N N U M B R C O N V E R T  T H E  ' K E Y *  T O  A N  A D D R E S S 0 0 0 5 7 4 0 0
0 0 0 3 1 8 4 F 1 0 C 28 A 0 0 2 9 0 6 0 0 C V B R 1 , D O U B L E U S I N G  M O D U L O  D I V I S I O N  B Y 0 0 0 5 7 5 0 0
C 0 0 3 1 C 1 B O O 6 0 1 S R R 0 , R 0 2 0 0 , 0 0 0 . O C 0 5 7 6 0 0
0 0 0 3 1 E 5 D 0 0 C 4 2  A 0 0 4 3 0 6 0 2 D R C , F 2 0 0 0 0 0 0 0 0 5 7 7 0 0
0 0 0 3 2 2 8 9 0 0 0 0 0 2 0 0 0 0 2 6 0 3 S L L RO , 2 0 0 0 5 7 8 0 0
0 0 0 3 2 6 41 F C C3  8 A 0 0 3  9 0 6 0 4 L A R 1 5 , H A S H T A B 0 0 0 5 7 9 0 0
C 0 0 3 2 A 1 A F 0 6 0 5 A R R 1 5 ,R O 0 0 0 5 8 C G 0
0 0 0 3 2 C 5 81 F 0 0 0 0 0 0 0 0 0 6 0 6 L R 1 ,0 ( R 1 5 ) 0 0 0 5 8 1 C 0
C 0 0 3 3  0 1 2 1 1 6 0 7 L T R R 1, R 1 C H E C K  F O R  T H E  E X I S T E N C E  O F  A C H A I N . 0 C 0 5 8 2 0 0
0 0 0 3 3 2 4 7 7 0 C 33 8 0 0 3 3 E 6 08 BNZ L O O P 0 0 0 5 8 3 0 0
0 C 0 3 3  6 41 Fp 0 0 0 1 0 0 0  01 6 0 9 L A R 1 5 , 1 ( R 1 5 ) * * * * R E F E R R E D  T O  IN Q U E S T I O N  3. O G  0 5 8 4 0 0
C 0 0 3 3 A 4 7 FO C 3 5 6 0 03 5 C 6 10 B E N T E R 0 0 0 5 8 5 0 0
C 0 0 3 3 E D 50 5 10 0 u 2 0 C 0 0 0 0 0 C C C O C 6 1 1  L O O P C L C M A N N U M  E R , M A N N U M B R - D A T  A IT E M {R 2) S E A R C H  F O R  T H E  I T E M . 0 0 0 5 8 6 0 0
0 0 0 3 4 4 4 7 8 0 C 3 7  A 0 0 3 8 0 6 1 2 BE D U P E 0 0 0 5 8 7 0 0
0 0 0 3 4 8 4 1 F C 1 0 0 C C O C O C 6 1 3 L A R 1 5 , C H A I N P T R * 0 0 C 5 8 8 0 C
0 0 0 3 4 C 0 2 0 2 C 3 83 1 CGC 0 0 3 8 9 O C G C C 6 1 4 M V C W O R D + 1 ( 3 ) , C H A I N P T R * * * * R E F E R R E D  T O  B Y  Q U E S T I O N  2. 0 0 0 5 8 9 0 0
0 0 0 3 5 2 5 8 1 0 C 38 2 C 03 88 6 1 5 L R 1 , W 0 R D # * # # * # # D I T T O .  # # * * # * * 0 0 0 5 9 0 0 0
0 0 0 3 5 6 1 2 1 1 6 1 6 L T R R 1, R 1 0 0 0 5 9 1 0 0
0 0 C 3 5 8 4 7 7 0 C 3 3  8 0 G 3 3 E 6 1 7 B N Z L O O P 0 0 0 5 9 2 0 0

C 0 0 3 5 C D 2 G 2 F C O C C 3 8 7 O O C O O 0 0 3  8 D 6 1 8  E N T E R M V C 0 ( 3 , R 1 5 ) , N X A V A I L + 1 I N S E R T  C H A I N  P O I N T E R . 0 0 0 5 9 3 0 0
0 0 0 3 6 2 5 8 F 0 C 3 8 6 0 0 3 8 C 6 1 9 L R1 5 , NX A V  A IL 0 0 0 5 9 4 0 0
0 0 0 3 6 6 1 81 F 6 2 0 L R R 1 , R 15 0 0 0 5 9  5 0 0

-  0 0 0 3 6 8 D 2 0 P 1 C O O 2 u u ü G O O  0 0 O G G O O 6 2 1 M V C D A T  A I T  E M ( I T E M L E N Ï ,C ( R 2) I N S E R T  T H E  D A T A  I T E M  IN T H E 0 0 G 5 9 6 0 C
®  0 0 0 3 6 E D 7 0 2 1 4 vJ 0 1 0 0 C C u C oC O O O O G 6 2 2 X C C H A I N P T R ( 3 ) , C H A I N P T R  D I C T I O N A R Y ,  A N D  I N D I C A T E  E N D  O F 0 0 0 5 9 7 0 0

0 0 0 3 7 4 41 FF G O O F O O C O F 6 2 3 L A R 1 5 , C H A I N D L N ( R 1 5 ) C H A I N .  P O I N T  ' N X A V A I L '  T O  N E X T  F R E E 0 0 0 5 9 8 0 0
0 0 0 3 7 8 5 OF 0 C 38 6 0 C 3 8 C 6 2 4 ST R 1 5 , N X A V A I L B Y T E  IN T H E  T A B L E . 0 0 0 5 9 9 0 0
0 0 0 3 7 C 1 B F F 62 5 SR. R 1 5 , R 1 5 R E T U R N  C O D E  = G, N O R N A L  R E T U R N . 0 0 0 6 0 0 0 C
0 0 0 3 7 E 07 F E 6 2 6 BR R 1 4 0 0 0 6 0 1 0 0

0 0 0 3 8 0 4 1 F 0 0 0 0 6 0 0 0 0 4 6 2 7  D U P E L A R 1 5 ,4 0 0 0 6 0 2 0 0

C 0 0 3 £ 4 0 7 F E 6 2 8 BR R 1 4 D U P L I C A T E ,  S E T  E R R O R  R E T U R N  C O D E . 0 0 0 6 0 3 0 0

9 C 0 3 8 6 0000
C 003 8 8 00000000 63 0 WORD DC F '  0 ' ££££££ ££££££££££ ££££££££££ ££££££££££ 00060500
C0038C 0 000 03 B8 631 NX A V A I L DC A ( C H A I N S ) £ T A B L E S ,  C ONST ANT S AND T E S T  DA T A £ Ü0Q6060C
00039 C 0 0 C 0 0 0 0 C 0 0 0 GO 0 0 0 632 HASHTAB DC 1C F ' 0 * £ USED BY THE D I R E C T  STORAGE £ 00060700

633 * DC 1 9 9 9 9 0 F '0* £ R O U T I N E S  ( SYNONYM C H A I N I N G  £ 0 0 0 6 0 8 0 C
000338 4040406-0 40 4 04 040 6 34 C H A I N S DC 75C * * £ V A R I E T Y ) .  THE TOP 1 9 9 , 9 9 0  WORDS £ 00060900

635 ❖ DC 2925C00C* ■ £ OF THE ' H A S H I N G '  T A B L E  ARE F A K E ,  £ 0 0 0610 0C
OOOOOC 636 C H A I N P T R EQU D A T A I T E M +  ITEMLEN £ BECAUSE I F A L L  OFF THE END OF £ 00061 I CG
0 0 0 0 0 F 637 CHAI NDLM EQU I T EML FN +3 £ MY MACHINE AT 512K,  AND,  B E S I D E S  £ 00061200
0 u 0 4 C 3 F 4 F C F 0 F o' F 0 F i 6 3 8 SEARCH2 DC C ' 4 0 0 0 0 1 ' £ T H A T ,  YOU * L D GET A H E RN I A  P AC K IN GE 00061300
0C04C9 F8 F 0 F 0 FC FO F 1E ó F 1 639 I T  EMI  A DC C* 8 0 C C 01 W12 3 4  5 ' £ AROUND A 512K STORAGE D U M P . . . .  £ 0 0 0 6 1 4 G C
C 00415 F 6 F 0 F 0 F 0 F 0 F 6 C 4 F 3 6 4 0 Ï T E M2 A DC C , 60G006D32568* £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 0CQ615QG
000421 F 4 F Q F 0 F C F G F 1 C 4 F 9 641 I T E M 3 A D C c ' 4 Q ü o c i d 9 8 7 6 5 ' 00061600
0 0 0 4 2  D COOOOG
000430 00030D4G 642 F 200 00 0 DC F '  200000* 00061700
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L O C O Ö J F C T  C O D E A D D R 1  A D D R 2 s t m t S O U R C E S T A T E M E N T F O B A P R / 0 9 / 1 6 / 7 0

6 4 4 * 8 0 8 8 8 8 8 0 0 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 0 0 6 1 c 0 C
6 4  5 ❖ T H I S C O D E  T E S T S  T H E  C H A I N I N G  E X A M P L E .  IT A D D S  T H R E E  D A T A 0 u 06 2 o OC
6 4 6 * I T E M S ,  O N E  O F  W H I C H  IS A S Y N O N Y M ,  A N D  IT R E T R I E V E S  U N E  O F C C Ü 6 2 1 Q C
6 4 7 * T H E I T E M S  J U S T  A D D E D . 0 0 0 6 2 2 0 0
6 4 8 * 8 8 8 0 0 8 0 0  0 8 0 8 0 8 0 0 0 8 0 8 8 8 8 8 0 0 8 0 0 8 0 0 0 8 8 8 0 0 8 0 8 0 0 0 0 0 8 8 8 8 8 0 8 0 0 0 0 8 0 0 8 0 8 8 8 8 0 8 0 0 0 C 0 6 2 3 0 C

0 0 0 4 3 4 6 4 9 C H A I N T S T DS O H Ü Ü Ü 6 2 A C C
0 0 0 4 3 4 4 1 1 0 C 4 0 3 0 0 4 0 9 6 5 C L A R l t l T E M l A F I R S T  I T E M  T O  BE A D D E D . G O 0 6 2 5 0 0
0 0 0 4 3  a 45  E O C 3 G A 0 0 3 1 0 b 5 1 B A L R 1 4 , H A S H I T G Q G 6 2 6 G C
3 0 0 4 3 C 4 7 F F C 4 3 A G 0 4 4 0 6 52 ö * + 4 ( R 1 5 ) 0 0 0 6 2 7 C C
C 0 0 4 4  0 4 7 ^ 0 C 4 4 Ü 0 0 4 4 6 6 5 3 B * + 6 G u 0 6 2 3 0 C
0 0 0 4 4 4 0 0 0 7 6 54 D C H 1 7* D U M P  IE I N S E R T I O N  F A I L S . 0 0 0 6 2 9 0 0
0 0 0 4 4 6 4 1 1 0 C 4 0 F 0 0 4 1 5 6 5 5 L A Rl , I T E M 2 A S E C O N D  I T E M  T O  B E  A D D E D . ü G 0 6 3 0 0 0
0 0 0 4 4 A 45  EO C 3 0 A 0 0 3 1 0 6 5 6 B A L R 1 4 , H A S H  IT C 0 G 6 3 1 Ü G
0 0 0 4 4 E 4 7 F F C 4 4 C 0 0 4 5 2 6 5 7 B * + 4 < R 1 5 ) 0 0 0 6 3  2 0 0
C 0 0 4 5  2 4 7  PQ 0 4 5  2 0 C 4 5 8 6 5 8 B * + 6 0 0 0 6 3 3 3 0
0 0 0 4 5 6 0 0 0 8 6 5 9 DC H* 8* D U M P  IF I N S E R T I O N  F A I L S . 0 0 G 6 3 4 C 0
0 0 0 4 5 6 4 1 1 0 C 4 1 B 0 0 4 2  1 6 6 0 L A R l ,  I T E M 3 A T H I R D  I T E M  T O  BE A D D E D  ( S Y N O N Y M ) . 0 0 0 6 3 5 0 0
0 C 0 4 5 C 45 EO C 3 0 A 0 0 3 1 0 6 6 1 B A L R 1 4 , H A S H I T 0 0 0 6 3 6 0 0
0 0 0 4 6 0 4 7 F F C 4 5 E 0 0 4 6 4 6 62 B * + 4 ( R L 5 ) C C 0 6 3 7 0 0
C O C 4 6 4 4 7 P 0 C46<+ 0 0 4 6 A 6 63 B * +- 6 C 0 0 6  3 8 0 0
C 0 0 4 6  8 0 0 0 9 6 6 4 DG H* 9 • D U M P  IF I N S E R T I O N  F I A L S . 0 C 0 Ó 3 H 0 0
0 0 0 4 6 A 4 1 1 0 C 3 F D 0 C 4 C 3 6 6 5 L A R 1 , S E A R C H 2 I T E M  T O B E L O C A T E D G C 0 6 4 0 Ü Ü
0 0 0 4 6  E 4 C E 0 C 30 A C 0 3 1 0 6 6 6 B A L R 1 4 , H A S H I T 0 0 0 6 4  I C G
0 0 0 4 7 2 4 7 F F C 4 7  0 0 0 4 7 6 6 6 7 B * + 4 ( P. 1 5 ) 0 0 0 b 4 2 0 0

- 0 0 0 4 7 6 O O O A 6 6 8 DC H' 10' D U M P  IF N O T  F O U N D G 0 G 6 4 3 0 C
3 0 0 3 4 7 8 0 7 0 C 6 6 9 N O P R 0 C 0 Ü 6 4 4 0 C

0 0 0 4 7 A 0 0 1 4 6 7 0 D C H ' 2C 1 T A K E  A D U M P  J U S T  T O  S t E  W H A T  T H E C 0 0 6 4 5 0 C
6 7 1 * T A B L E  L O O K S  L I K E  IN S T O R A G E . . . . Ü G Ü 6 4 6 0 Ü

6 73 * * * * * * * * * * * * * * * * *  v * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * *  * *  * C 0 0 6 4 8 0 C
6 7 4 * 0 Ü G 6 4 9 0 C
6 7 5 - ** * NQ T E : T H E C O M M E N T S  F I E L D S  OF T H E  I N S T R U C T I O N S  R E F E R R E D  T O  IN T H E S E 0 0 0 6  5 G G G
6 7 6 * Q U E S T I O N S  H A V E  A S T E R I S K S ( * )S IN T H E M . 0 0 0 6 5 1 G G
6 7 7 * G 0 0 6 5 2 0 0
6 7 8 * A N S W E R  T H E  F O L L O W I N G  Q U E S T I O N S  C O N C E R N I N G  T H I S  C O D E  A N D  T H E G O  u 6  5 3 0 0
6 7 9 * T A B L E  T H A T  IT U S E S  ( T A B L E O N  T H E  P R E D E E D I N G  P A G E ) . 0 0 0 6 5 4 0 C
6 8 0 ❖ G O 0 6 5 5 0 0
6 8 1 * 1. W H A T  H A P P E N S  IF I R E P L A C E  T H E  " M V C  W O R D + 1 ( 3 ) , C H A I N P T R 0 0 0 6 5 6 0 G
6 8 2 * 8 L R 1 , W 0 R D " I N S T R U C T I O N S  W I T H  " L » 1 , C H A  I N P T R - 1 " ? 0 0 0 6 5 7 0 0
6 8 3 * C 0 0 6  5 8 0 0
6 8 4 * 2. W H A T  IS T H E  RF A S O N  F O R A D D I N G  1 T O  R E G I S T E R  15 B E F O R E 0 C Q 6 5 9 0 0
6 8 5 ❖ B R A N C H I N G  T O  " E N T E R "  ? * * S E E  N O T E  O N  T H E  I N S T R U C T I O N . G 0 0 6 6 3 0 0
6 8 6 * 0 0  0 6  6 1 0 0 ’
6 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0  0 6 6 2 C 0
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR7Ü 9/16/70

£ 89 ***********************************************************************
690 *
691 * ANSWER THESE QUESTIONS ABOUT THE DUMP ON THE NEXT PAGE.
6 92 *
693 * 1. HOW MANY "CHAINS" ARE THERE CURRENTLY IN "HASHTAB" ?
6 94 *
695 * 2. HOW MANY DATA ITEMS ARE THERE IN EACH "CHAIN" ?
696 *
697 ******** WHEN YOU FINISH THESE, DISPLAY THE WHITE SIDE OF YOUR
698 * "ANSWER CUE" .
6 99 *
700 ***********************************************************************

Q006640C 
00066500 
0006 6 600 
00066/00 
QCG66b0C 
00066900 
0C067000 
00067100 
GOO 67 200 
GO 067300 
00067400 
00067500



*=.P. REGS

PEGS 0— 7 
REGS 8-15

000000
000020
00QC4C
000060

05AAC0 
05AAE0 
05AB00 
C5AB20 
05AB4C 
05AB60 
05AB80 
05ABA 0 
05ABC0 
05ABE0 
05AC00 
05AC20 
05AC40 
05AC60 
05AC80 
05ACA0 
05ACC0 
05ACE0 
05AD00 
05AD20 

5 05AD4G 
05AD60 
05AD80 
05ADA 0 
C5ADC0 
05ADE0 
0 5 A E 0 0 
0 5 A E 2 0 
05AE40 
05AE60 
0 5 A E 8 0 
05AEAO 
05 A EC 0 
05AEE0 
05AF00 
05AF20 
05AF40 
05AF6C 
05AF80 
0 5 A F A 0 
05AFC 0 
05AFE0 
05B000 
05B020 
05B040 
0 5B06 0 
0 5 B 0 8 0 
05B0AC 
C530CG 
05B0E0

0G.00000G OOOOGGOO 00*12C0C 2 O 201D970 FF.040001 5000AC16 . 00.000000 0001D730

GCÜ0GGG4 CG05AE96 0005AEC3 GCGOOOOO 
G001DCA0 00000000 0001DCC8 00000000

OOOOOOOC OCoQGOOO 00000000 00000000 
PFB50003 6FG07588 FFB50001 4F05AF3C 
00001360 08000000 00001358 00005920 
0004000G 00007BC8 00040000 00007588

90ECDGOC 
F0C0C022 
59FCC122 
411GC0AA 
C12645E0 
45ECC05A 
F4F2C4F1 
F5F4F1F6 
40404040 
40404040 
C2921BFF 
1A1C4111 
OOQ64 7FO 
4C40404G 
40404040 
40404040 
4C4C404C 
FIF IF IF 1 
40404 040 
C4F1F2F3 
404G4040 
47FFC29E 
45E0C13C 
00G6F1F1 
C4F4F4F4 
C42A8900 
10GC200G 
C38758FG 
41F0G004- 
G G 0 0 0 0 0 0 
F2F3F4F5 
F6F500GC 
40404GF4

05C041F0 
47F0C024 
4740C02C 
D5051000 
C02847FF 
D505C132 
F1F1F0F6 
F7F3C4F0 
40404040 
40404040 
182 IF 2 75 
C194D505 
C1400 000 
4G4C4C40 
40404040 
40404040 
4Q4G4G4Q 
E6F1F1F1 
40404040 
F4F54040 
404G404G 
47F0C2A4 
47FFC2C2 
F1F1F1F1 
F4F4F1F1 
000241F0 
478GC37A 
C386181F 
07FE0000 
OOOOOOOC 
G5AE96F6 
00404040 
FOFOFCFO

C 73E50FD 
07FE47F0 
D20BF00C 
C 1324780 
C C8447F0 
1C004780 
F2F2F5F6 
F2F8F2F5 
40404040 
0005ABB8 
C28A1000 
1000C186 
CC000014 
4C404G40 
40404040 
40404040 
40404040 
F 1F 14040 
40404040 
40404G40 
4040C504 
00034110 
47F0C2C8 
E6F1F1F1 
FIF IF IF 1 
C38A1AF0
4 1 F o i 0 0 c
D2CB1000 
0005AE96 
0GG5AE87 
FGFOFOF0 
40404040 
F1F8F0F0

C00850DF 
C07841F0 
100 041FO 
C 0504110 
C08A0000 
C 1380002 
F1F7E6F1 
F7F7F1F5 
40404040 
F7F7F1F5 
4F10C28 A 
4770C172 
40404040 
40404040 
40404040 
40404040 
40404040 
40404040 
40404040 
40404040 
00400000 
C2E845E0 
00054110 
F IF 1FIF 2 
47F0C42E 
5 81F 0000 
D202C383 
2000D7G2 
0005AEA5 
00000000  
F6C4F3F2 
40404040 
F0F0F1E6

00G1AB98 0001B0E8. 0001D140 0001BA48 
6F05AAC6 0005B204 8F05AF32 00000004

G005AAC0 00000000 FF040080 A000A93C 
COOOFFOO 00000000 FF060133 8C000000 
02C03ÖA4 0000996C C0040000 00007498 
00000000 00012D10 00040000 0000751A

000418DF 
C0AAD505 
F0GC50F0 
100C5910 
4110C0C2 
F2F6F4F8 
F4F9F4F 7 
F4F3E6F1 
40404040 
F4F3E6F1 
1B005D00 
440FC18C 
4040D20B 
40404040 
40404040 
40404040 
40404040 
40404040 
40404040 
40404040 
OOOOOCOO 
C13C47FF 
C30045E0 
F3F4F5F6 
1821F275 
12114770 
100C5810 
100C100C
oocooooo
00000000
F5F6F800
40404040
F1F2F3F4

D703D008 
F000100Q 
C1221BFF 
C 1224740 
45E0C028 
F3F3C4F1 
F9F8F5F1 
F9F6F6F7 
40404040 
F9F6F6F7 
C1821810 
1BFFC7FE 
10002000  
40404040 
40404040 
40404040 
40404040 
40404040 
4C404040 
40404040 
040000 IF 
C2B047F0 
C 17805 05 
C4F1F2F3 
C28A1000 
C33841FF 
C3821211 
41FFOOOF 
GOO 5AE 7 8 
COOOOOOO 
GÜGGF4F0 
40404040 
F5F6F0FG

DCC858F0 
4780C054 
07FE41F0 
C 05E47F0 
47FFC096 
F6F0F2F1 
F6F3E6F0 
40404C40 
40404040 
F2F2F5F6 
89000002 
41F00004 
07004040 
40404040 
40404040 
404C4040 
40404040 
40404040 
4040F1F2 
40404040 
4 H O C  2 DC 
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N>

DIRECT STORAGE . . .  WITH SYNONYMS 

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

PAGE 21 

F0 8 APR70 9 / 1 6 / 7 0

7 02 ####❖ *#❖# ####  sis#### ##*;{!#:(! ### ###:$! # # ###:£ # # # # # ajc jC« a5s a{c 3§c ={t###
7 03 *
704 *  ANSWERS TO THE DIRECT STORAGE ROUTINE (WITH SYNONYMS).
705 *
706 *  1.  A " S P E C I F I C A T I O N "  EXCEPTION WOULD OCCUR BECAUSE OF A
707 *  BOUNDARY ALIGNMENT VIOLATION OF THE LOAD INSTRUCTION.
708 *
709 *  2.  TO MAKE THE • HASHTAB'  ENTRY APPEAR THE SAME AS A 3-BYTE
710 *  CHAIN POINTER TO THE 'ENTER'  ROUTINE.
711 *
7 1 2  t f # * * # # # * # # # # # # * * # ^ # * # # # # * * * * * # * # # * * * * # # # # * * # * # * # # * # * # * # # # # * # # * * # # j f c # * # * *

0 0 06 77 0 0 
0 00 67 8 00  
0 0 0 6 79 0 0 
0 0 0 6 80 0 0 
0 0 0 6 8 1 0 0  
0 0 06 8 2 0 0  
0 0 06 83 0 0 
0 C 068 400 
0 0 0 68 5 00  
C00686G0 
0 00 68 7 00

7 1 4  # sic##
7 1 5 *
716 *  ANSWERS TO THE DUMP FCR THE DIRECT STORAGE ROUTINE.
7 1 7  #
718 *  1. THERE ARE CURRENTLY 2 CHAINS.
719 *
720 *  2 .  THERE ARE 2 ITEMS IN THE FIRST CHAINt  AND 1 IN THE SECOND.
721 *
7 22  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

O 00689G0 
0 0 0 6 90 0 0 
0 0 06 91 0 0 
0 0 0 69 2 00  
0 00 69 30 0 
0 0 0 6 9 4 0 0  
0 00 69 50 0 
0 00 69 6 00  
0 0 0 6 97 0 0
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DIMENSIONED STORAGE PAGE 22

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

7 2 4  *
7 2 5  *
7 2 6  *
7 2 7  *

# *  * * * * * * *  * * # # * # *  * * * * * * *  * * # * * : ( £  * * * # #  # * # * * #
*  DIMENSIONED DIRECT STORAGE. (ARRAYS)  *
*  ------ ,------------ ------ ------ ------ ------ ------ ------ ------ ------ *
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0 0 0 6 9 9 0 G  
0 0 0 7 0 0 0 0  
0 0 0 7 0 1 0 0  
CC0 7 0 2 0 0

7 2 9  
73 0
731
732
73 3
73 4
7 3 5
73 6
7 3 7
7 38
7 3 9
7 4 0
7 4 1
7 4 2
743
7 4 4
745
7 4 6
7 4 7
7 4 8
7 4 9
750
751
75 2
753
7 5 4
755
756
7 57
7 5 8
7 5 9
7 6 0
761
762
763
76 4
765
7 6 6
76 7
7 6 8
7 6 9
7 7 0
771
77 2
7 7 3
7 7 4
7 7 5
7 7 6
7 7 7
778

* + + + + + + +
*
*
*
*
*
*
*
❖
*
❖
*
*
❖
*
*

V

+ + + + + +  + 4- + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + 4- + + + + ++4- + + + + + + + + + + + ++4- +

T H I S  ROUTINE EXTRACTS THE TEMPERATURE FROM AN TABLE THAT 
CONTAINS THE NATIONAL H IGH ,  AVERAGE, AND LOW TEMPERATURES FOR 
ANY DAY OF LAST YEAR.

THE TEMPERATURES ARE BINARY HALF-WORD Q U AN T I T I E S  IN A THREE-  
D IMENSIONAL ARRAY,  WHICH MAY BE LOGI CAL LY ILLUSTRATED AS:

TFM

+------J A N . —
I
+------ F E B . . .
I
+------- MAR. . .

PERTR------ +-------- APR.  . .
+--------MAY.  . .
+--------JUN.  . .
+ ...
+ ...
+ ...
+ . . .
4------- D E C. —

4-—-
I
4------
4-----

-4—
4-----
4-
+
+
+
4— 3

4—— HIGH
1ST — 4------- AVERAGE

4------- LOW
2ND.  .
3RD.  .
4TH • •
5TH . .

. . .  4------- HIGH
1ST— 4-------AVERAGE

4-— -LOW

❖
❖
❖
*
❖
❖
*
*
❖

£
*

*
❖
*
*

❖
*
*
❖

❖

*

❖
❖
*++++++++++++++++++++++++++++++++++++++++++++++4

4-----1S T.  . .
-4-— 2ND . .  . 

4-— 3RD.  . . 
4- . . .
4- . . .
4— 3 1 S T .  . .

IN CO°E STORAGE, T H I S  WOULD APPEAR AS:

| HIGH | AVG.  | LOW I H IGH 1 AVG. I LOW
4-----------------4-— ------------ 4---------------r - 4 - ---- ---------->4-----------------4----------------- 4— .
< ---------------- DAY 1 ------------------- ---------------- > < — —  DAY 2 -> < -
< ------ -------- •—  J A N U A R Y ----------------------------------------- . .
<  ---------------  • T E M P E R T  R ' -------------------- .
4-0

I . | AVG. | LOW I
-  4-----------------4--------------- +
. —  DAY 3 1 ------->
. . — DECEMBER— >

+ 1 2 X 3 1 X 3 X 2

ANY ENTRY IN  THE TABLE IS REFERENCED AS FOLLOWS; 
TEMPERATURE( MONTH,DAY,TYPE)  WHERE TYPE = H I GH ,  AVERAGE, OR LOW 
ACTUALLY,  THESE VALUES ARE REPRESENTED NUMERICALLY,  SO THAT 
THE LEW TEMPERATURE FOR SEPTEMBER 29TH IS TEMPERATURE( 9 , 2 9 , 3 )  
AND IS  LOCATED BY THE FOLLOWING FORMULA:

ADDRESS = * T EMPERTR'  + 1 8 6 ( M 0 N T H - 1 )  + ó ( D A Y - l )  + 2 ( T Y P E - 1 )

h4--^4^+ + + + + + + + ++ + + + + +4- + +

0 0 0 7 0 4 0 0  
0 0 0 7 0 5 0 0  
0 0 0 7  0 6 0 0  
0 0 0 7 0 7 0 0  
0 0 0 7 0 8 0 0  
0 0 0 7 0 9 0 0  
0 0 0 7 1 0 0 0  
0 0 0 7 1 1 0 0  
0 0 0 7 1 2 0 C  
0 0 0 7 1 3 G 0  
0 0 0 7 1 4 0 0  
0 0 0 7 1 5 0 0  
00 0 7 1 6 0  0 
0 0 0 7 1 7 0 0  
0 0 0 7 1 8 0 0  
0 0 0 7 1 9 0 0  
0 0 0 7 2 0 0 0  
0 0 0 7 2 1 0 0  
0 0 0 7 2 2 0 0  
0 0 0 7 2 3 0 0  
0 0 0 7 2 4 0 0  
0 0 0 7 2 5 0 0  
0 0 0 7 2 6 0 0  
0 0 0 7 2 7 0 0  
0QÜ 7 28 00  
0 0 0 7 2 9 0 0  
0 0 0 7 3 0 0 0  
0 0 0 7 3 1 0 0  
0 0 0 7 3 2 0 0  
0 0 0 7 3 3 0 C  
0 0 0 7 3 4 C 0  
0 0 0 7 3 5 0 0  
0 0 0 7 3 6 0 0  
0 0 0 7 3 7 0 0  
0 0 0 7 3 8 0 0  
0 0 0 7 3 9 OC 
0 0 0 7 4 C  00 
0 0 0 7 4 1 0 0  
0 0 0 7 4 2 0 0  
0 0 0 7 4 3 0 0  
0 0 0 7 4 4 0 0  
0 0 0 7 4 5 0 0  
0 0 0 7 4 6 0 0  
0 0 0 7 4 7 0 0  
0 0 0 7 4 8 0 0  
0G0749CC 
0 0 0 7 5 0 0 0  
0 0 0 7 5 1 0 0  
0 0 0 7 5 2 0 0  
0 0 0 7 5 3 0 0
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ARRAY 3D
* * * * * A2 * * * * * * * * * *

* * * * A 1 # £ £ £ * £ * £ £ ^SUBTRACT 1 FROM*
*  BEGIN * *  MONTH AND *
*  3-DIMENSIONAL * -------------- >* MULTIPLY BY *
*  ARRAY ROUTINE * *  186. *

* * * * * * * * * * * * * * * ❖ *
* * * * * * * * * * * * * * * * *

V
* * * * * 6 2 * * * * * * * * *
*
*  ADD IN THE 
^ADDRESS OF THE
*  ARRAY.
*****************

V
* * * * * 0 2 * * * * * * * * *

*  SUB TR ACT 1 FROM
* DAY AND 
JMULITPLY BY 6 .
****************

V
* * * * * D 2 * * * * * * * * *

^SUBTRACT 1 FROM 
*  TYPE AMD 
*MULTIPLY BY 2 .

❖
*

**************

V
* * * E 2 * * * * * *  *  *  *  
RETURN, PASS * 

BACK *
TEMPERATURE * * * * * * * * * * * * * * *

*
*
*
*
*
*
*
 

*
*
*
*
*
*
*
 

*
*
*
*
*
*
*

CHART Ak RAY 
PAGE 001 OF 001

\

\ \

; v
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DIMENSIONED STORAGE PAGE 24

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08 APR 7 0 9 / 1 6 / 7 C

7 8 9 00 0764 GG
7 9 0 * 0 0 0 7 6 5 0 0
791 * NOTICE THE PARAMETERS BELOW FOR THE AVERAGE TEMPERATURE FOR 0 0 0 7 6 6 0 0
79 2 * J A N . 2 4 T H .  THEY ARE CONTAINED IN A L I S T  OF THREE HALFWORDS 0 0 0 7 6 7 0 0
7 9 3 * REPRESENTING MONTH, DAY, ,AND TEMPERATURE TYPE,  R E SP EC TI VE LY . 0 0 0 7 6 8 0 0
7 9 4
7 9 5

* 0 0 0 7 6 9 0 0
0 0 0 7 7 0 0 0

0 0 0 4 7  C 4 1 1 0 C78E 0 0 7 9 4 7 9 7 LA R 1 , = H * 1 , 2 4 , 2 » AVERAGE TEMPERATURE FOR J A N.  2 4 T H . 0 0 0 7 7 2 0 0

0 0 0 4 8 0 1821 7 9 9 ARRAY3D LR R 2 , R 1 0 0 0 7 7 4 0 0
0 0 0 4 8 2 48F 2 OOOC 0 0 0 0 0 8 0 0 LH R15 , 0  ( R2 ) GET MONTH NUMBER 0 0 0 7 7 5 0 0
0 0 0 4 8 6 06 F0 801 BCTR R 1 5 , 0 0 0 0 7 7 6 0 0
0 0 0 4 8 8 4CFC C7 94 C079A 80 2 MH R 1 5 , = H 1 1 8 6 1 0 0 0 7 7 7 0 0
0 0 0 48 C 4 1 AF C4AA 0 0 4 B 0 8 0 3 LA R 1 0 , T E M P E R T R ( R 1 5 ) F I R S T  DIMENSION 0 0 0 7 7 8 0 C
0 0 0 4 9 0 4 8 F 1 0 0 02 0 0 0 0 2 8 0 4 LH R 1 5 , 2 ( R 1) GET DAY OF MONTH 0 G 0 7 7 9 0 0
0 0 0 4 9 4 06F 0 8 0 5 BCTR R1 5 , 0 0 0 0 7 8 0 0 0
0 0 0 4 9 6 4CF0 C 79 6 0079C 8 0 6 MH R15 ,=H*  6* 0 0 0 7 8 1 0 0
0 0 0 4 9 A 1 AAF 80 7 AR R1 0 ,  R1 5 ADD SECOND DIMENSION 0 0 0 7 8 2 0 0
C0049C 48F 1 0 0 0 4 0 0 0 0 4 80 8 LH R1 5 , 4  ( R1 ) GET TEMPERATURE TYPE 0 0 0 7 8 3 0 0
0 0 0 4 A 0 06 FO 8 0 9 BCTR R 1 5 , 0 0 0 0 7 8 4 0 0
0 0 0 4 A 2 1EFF 8 1 0 ALR R 1 5 ,  R 15 0 0 0 7 8 5 0 0
0 0 0 4 A 4 1 AAF 81 1 AR R10 , R15 ADD TH IR D DIMENSION 0 0 0 7 8 6 0 C
0 0 0 4 A 6 48 1 A 0 0 0 0 0 0 0 0 0 812 LH R 1 , 0 I R 1 0 ) PICK UP D ATE ' S  REQUESTED TEMPERATURE 0 0 0 7 8 7 0 0
00 04A A OOOB 8 1 3 DC H* 1 1 ' TAKE A DUMP 0 0 0 7 8 8 0 0

8 1 4 * BR R 14 RETURN 0 0 0 7 8 9 0 0
0 0 0 4 AC 4 7 F 0 C 6 1 2 0 0 6 1 8 8 1 5 B ARRAYOK 0 0 0 7 9 0 0 0
00 04BC 0 0 4 4 0 0 2  OFF E70G3F 816 TEMPERTR DC H* 6 8 , 3 2 , —2 5 , 6 3 , 2 3 , —1 7 , 5 2 , 1 2 , - 3 2 ,  5 6 , 2 2 , —0 5 , 6 1 , 3 0 ,  —1 0 ' 0 0 0 7 9 1 0 0

81 7 PRINT OFF < —  I D ID  T H I S JUST TO MAKE YOU LOOK IN THE DUMP 0 0 0 7 9 2 0 0
8 3 0 * TO F I N D  YOUR ANSWERS. 0 0 0 8 0 5 0 0
831 * ( I H A VE N' T  BEEN A P RACT IC I NG F I N K 0 0 0 8 0 6 0 0
832 * MOST OF MY L I F E  FOR N O T H I N G . . . . ) 0 0 0 8 0 7 C 0
8 3 3 * 0 0 0 8 0 8 JC
8 3 4 * * NOTE * *  ONLY THE F I RS T  TWO MONTH ' S DATA I S  ACTUALLY I N  THE PROGRAM, 0 0 0 8 0 9 0 0
83 5 * * * * * * * * * T H E  REST OF THE TABLE HAS BEEN LEFT OUT TO CONSERVE SPACE. 0 0 0 8 1 COO

C 0 0 6 1 8

83 7
83 8
83 9  
8 40
841
8 4 2
843
8 4 4
84 5
8 4 6
847
8 4 8
8 4 9
85 0
8 5 1
852
8 5 3

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
*
*  USING THE CODE ABOVE ANO THE DUMP THAT FOLLOWS, ANSWER THESE.

1 .  WHAT WOULD THE PARAMETERS LOOK L I K E  I F  YOU WERE TO TRY TO 
F I ND THE HIGH TEMPERATURE FOR AUGUST 23RD ??

*
*
*
*
*
*

2 .  USING THE ADDRESS OF ' TEMPERTR'  FROM THE DUMP, AT WHAT 
STORAGE ADDRESS WOULD YOU F I N D  THAT HIGH TEMPERATURE FOR 
AUGUST 23RD ??

3 .  WHAT WAS THE AVERAGE TEMPERATURE FOR FEBRUARY 12TH ? ? ? ?

* * * * * * * *  WHEN YOU HAVE ANSWERED THESE,  D IS P L A Y  THE GREEN S I D E  OF THE 
*  "ANSWER C U E " .
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
ARRAYOK EQU *

0 0 0 8 1 2 0 0
0 0 0 8 1 3 0 0
0 0 0 8 1 4 0 0
C 0 0 8 1 5 0 0
0 0 0 8 1 6 0 0
0 0 0 8 1 7 0 0
0 0 0 8 1 8 0 0
0 0 0 8 1 9 0 0
0 0 0 8 2 0 0 0
0 0 0 8 2 1 0 0
0 0 0 8 2 2 0 0
0 0 0 8 2 3 0 0
0 0 0 8 2 4 0 0
0 0 0 8 2 5 0 0
0 0 0 8 2 6 0 0
0 0 0 8 2 7 0 0
0 0 0 8 2 8 0 0



F . P .

REGS
REGS

REGS . O u . C ü u OGü 0 0 0 0 0 0 0 0 0 0 . 1 2 C 0 0 2 0 2 0 1 0 9 7 0

0 - 7
8 - 1 5

00000CG4
OOülDGAO

OOGCOOIB 
0 0 0 0 0 0 0 0

0 0 C 5 B 2 5 4  0 0 0 0 0 0 0 0  
00 05AFFC 0 0 0 0 0 0 0 0

F F . 0 4 0 0 0 1  5 0 0 0 A C 16 0 0 . 0 0 0 0 0 0  0 0 0 1 D 7 3 0

0 0 0 1 A B 9 8  0 0 0 1 B 0 E 8  0 0 0 1 D 14 C  0 0 0 1 B A 4 8  
6F 05A AC 6 0 0 G 5 B 2 0 4  8 F 0 5 A F 3 2  0 0 0 0 0 0 0 2

0 0 0 0 0 0 000 00 0 0 G 0 0 0 0 0 0 0 0 OOCOOOOQ 0 0 0 0 0 0 0 0
0 0 0 0 2 0 F F ö 5 0 C ü 3 6 F 0 0 7 5 8 8 F F B5 0 0 0 1 6 F 05A F6 C
0 0 0 0 4 0 0 0 0 Cl  36 0 0 8 0 0 0 0 0 0 0 0 0 0 1 3 5 8 0 0 0 0 5 9 2 0
0 0 0 0 6 0 0 0 u 4 0 0 0 0 00 007B C8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8

05AAC0 90ECD0CC 0 5 C0 4 1 F 0 C73E 50 FD 0G0850DF
05AAE0 F 0 0 0C 0 2 2 4 7 F 0 C 0 2 4 07 FE 47F C C 0 7 8 4 1 F 0
05AB0C 5 9 F 0C 1 2 2 47 40C02C D 20 B F 0 0 0 1 0 0 0 4 1 FO
0 5AB 20 411CC0AA D50 5 1 0 0 0 C 1 3 2 4 7  80 C 0 5 0 4 1 1 0
0 5AB 40 C126 45EC C 0 2 8 4 7 F F C 0 8 4 4 7 F 0 C 0 8 A 0 0 0 0
0 5 AB 6 0 45ECC05A D5C5C132 1 0 0 0 4 7 8 0 C 1 3 8 0 0 0 2
05AB8C F 4 F 2 C 4 F 1 F 1 F 1F 0 F6 F 2 F 2 F 5 F 6 F 1 F 7 E 6 F 1
C5ABA0 F 5 F 4 F 1 F 6 F 7F3C 4F0 F 2 F 8 F 2 F 5 F 7 F 7 F 1 F 5
05ABCC 4C 4G4040 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
05ABE0 40 4G40 4C 4 0 4 C 4 0 4 0 0 0 05 A BB 8 F 7 F 7 F 1 F 5
05AC00 . C292 1B FF 1 8 2 1 F 2 7 5 C 28A1C00 4 F 1 0 C 2 8 A
05 AC20 I A 1 0 4 1 1 1 C 19 4 D 5 0 5 1 0 0 0 C 1 8 6 4 7 7 0 C 1 7 2
05AC40 0 0 0 6 4 7 F 0 C 1 4 0 0 0 0 0 0 0 0 0 0 0 1 4 4 0 4 0 4 0 4 0
05AC60 4Ö4G4G4G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
05 AC80 4C 40 4 04 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
05ACA0 40 4C 404 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
C5ACC0 40 4 G4 0 4C 4 G4 C 4 0 4 0 4C4C404C 4 0 4 0 4 0 4 0
05ACE0 F 1 F1 F 1 F 1 E 6F1F1F1 F 1 F 1 4 0 4 0 4 0 4 0 4 0 4 0

. 05AD00 4 0 4 0 4 0 4 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 4 0 4 C
-»05 AD20 C 4 F 1 F2 F 3 F 4 F 5 4 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
w 0 5 A 04 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 C 5 C 4 0 0 4 0 0 0 0 0

C5A 060 47 FFC2 9E 4 7 F0 C2 A 4 0 0 0 3 4 1 1 0 C 2 E 8 4 5 E 0
G5AD80 45 E0 C1 3C 47FFC2C2 47 F0C 2C 8 0 0 0 5 4 1 1 0
C5ADA0 0 0 0 6 F 1 F 1 F 1 F1F 1F 1 E 6F1 F1F 1 F 1 F 1 F 1 F 2
0 5 ADC 0 C 4 F 4 F 4 F 4 F 4 F4 F 1 F 1 F 1 F1 F 1 F 1 4 7 F 0 C4 2 E
0 5 ADEO C42A89CG 0 0 0 2 4 1 FO C 38A 1A F0 5 8 1 F 0 0 0 0
05 AE 00 1 0 0 0 2 0 0 0 4 7 8 0C 3 7 A 4 1 F 0 1 0 0 C D 2 0 2 C3 83
05 AE 2 0 C 3 87 5 8F C C 3 8 6 1 8 1 F D 2 0 B 1 0 0 0 2 000D 7C 2
0 5 AE 4 0 4 1 F 0 C 0 0 4 0 7 FE 000 C 0 0 0 5 A E 9 6 0 0 0 5 A E A 5
05AE6C OCOCÜOOO 0 0 0 0 0 0 0 0 0 0 0 5A E  8 7 OQOOOOCO
05 AE 8 0 F 2 F 3 F 4 F 5 0 5 AE 96 F6 FOFOFOFO F 6 C 4 F3 F 2
05AEA0 F6 F 5 0 C 0 0 0 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
05AEC0 4 0 4 0 4 0  F 4 FOFOFOFO F 1 F 8 F 0 F 0 F0 FC F1 E6
05AEE0 F 8 F4 F 0 F 0 F0 F0 F 1C 4 F 9 F8 F 7F 6 F 5 0 0 0 0 0 0
05A F 0 0 47FCC44G 0 0 0 7 4 1 1 0 C 4 0 F 4 5 E 0 C 3 0 A 47 F F
0 5 AF 2 0 4 7 FFC 45E 4 7 F 0 C 4 6 4 0 0 0 9 4 1 1 0 C 3F D45E0
0 5 A F 4 0 1 8 2 1 4 3 F 2 0 0 0 0 0 6 F 0 4 CF 0 C7 94 41AFC4AA
0 5 A F 6 0 0 6 F01 EF F 1AAF481A OOOOOOOB 4 7 F 0 C 6 1 2
0 5 A F 8 0 FFECO 038 0G16FFFB 0 0 3 D 0 0 1 E F FF 6 0 0 3 A
0 5 AFA 0 0 0 3 6 0 0 1 8 FFFC003C 0 0 1 E F F F 6 0 0 4 3 0 0 2 5
0 5 AFC 0 0 0 1 9 F F F B 0 0 2 9 0 0 2 8 FFFC 0 0 4 4 002 7 FF EC
G5AFE0 F F F 9 0 0 4 2 0 0 23 F FF  2 0 0 2 6 0 0 2 0 F F E 7 0 0 4 9
0 5 B 0 0 0 0 0 3 C 0G 14 FFF6G04E 0 0 2 5 F F E 9 0 0 3 D 0 0 15
0 5 B 0 2 0 0 0 2 ü F F F 3 0 0 3 A 0 0 2 A F FDD0049 001A FFE E
0 5 B 0 4 0 FFEC0041 0 0 2 3 F F E 7 0 0 4 0 0 0 1 8 FFF 20 0 3  5
0 5 B 0 6 0 003 AC 02 A FFDD003 5 002BFFDB 003 4 0 0  2 B
0 5 B 0 8 0 0 0 2 4 F F E 6 0 0 3 F0 0 1 B FF F1 0 03 B ooob ' f f d b
05 B0 A0 FFE7 003 5 C021 FF F0 002A0CC2 F F D 9 0 0 3 8
0560CC 0 C 3 F 0 017 FFEFG034 OOOCFFCC 0 0 3 8 0 0 1 6
0 5 8 0 E 0 0 0 0 4 4 1 5 0 0 0 6 0 4 1 2 5 C 6 7 2 8 8 5 0 0 0 0 1 D 50 5

0Q05AAC0
0 0 0 C F F 0 0
0 8 3 C 7 0 0 0
OOCOOCOO

0 0 0 4 1 8 D F  
C0AAD505 
F0 0 C 5 0 F 0  
1 0 0 C 5 9 1 0  
4 1 1 0 C 0 C 2  
F 2 F 6 F 4 F 8  
F 4 F 9 F 4 F 7  
F 4 F 3 E 6 F 1 
4 0 4 0 4 0 4 0  
F4 F3 E6 F 1  
1 B005DQ0 
44 0 FC 18 C  
40 4CD20B 
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
0 0 0 0 0 0 0 0  
C13C4 7FF  
C 3 0 0 4 5 E 0  
F 3 F 4 F 5 F 6  
1 8 2 1 F 2 7 5  
1 2 1 1 4 7 7 0  
1 0 0 C 5 8 1 0  
1 00 C 10 0 C  
0 0 0 0 0 0 0 0  
c o o o o c o o
F 5 F 6 F 8 0 0  
4 0 4 0 4 0 4 0  
F 1 F 2 F 3 F 4  
0 0 03 0D  40 
C 44 C4 7F0  
C30 A 47 F F 
4 8 F 1 0 0 0 2  
0 0 4 4 0 0 2 0  
OOOCFFF1 
FF E5 00 3 E  
0 0 4 1 0 0 1 A 
00 19F FEE 
F F F 5 0 0 3 5  
0 0 5 2 0 0 2 0  
OOODFFDF 
FFE0C038  
0 0 3 4 0 0 1 6  
0 0 2 1 F F F 7  
FFFB003D 
2 0 0 0 6 0 0 0

0 0 0 0 0 0 0 0
OOOCOOOO
0 0 0 0 9 9 6 C
0 0 0 1 2 D 1 0

C 7 0 3 0 0 0 8  
F 0 0 0 1 0 0 0  
C 1 2 2 1 B FF  
C 1 2 2 4 7 4 0  
4 5 EC C02 8 
F 3F3C 4F1  
F 9 F 8 F 5 F 1  
F 9 F 6 F 6 F 7  
4 0 4 0 4 0 4 0  
F 9 F 6 F 6 F 7  
C 18 218 10 
1BFF07F E 
10002000 
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 C 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
0 4 0 0 0 0 1F 
C 2 B 0 4 7 F 0  
C 1 7 8 D 50 5  
C 4 F 1 F 2 F 3  
C 28 A l  00 0  
C 3 3 8 4 1 F F  
C 3 8 2 1 2 1 1  
4 1 FF G 00 F  
0 0 0  5 AE 78 
OOOGOOOö 
C 0 0 0 F 4 F 0  
4 C 4 0 4 0 4 0  
F5 F6F0FC 
4 1 1 0 C 4 0 3  
C 4 5 2 0 0 0 8  
C 4 7 0 0 0 0 A 
0 6 F 0 4 C F 0  
F F E7 00 3  F 
0 0 2 B 0 0 0 D  
0 0 1 6 F F F 4  
FF E F0 0 32  
0 0 3 5 0 0 0 D  
OOOEFFDD 
FF E0004 C 
0 0 3 4 0 0 1 6  
C02AFFDD 
FFFE00 3D 
0G3 C0022  
0 0 1 E F F F 6  
4 7 8 0 C 6 4 6

F F 0 4 0 0 8 0  
F F 0 5 0 1 3 3  
0 0 0 4 0 0 0 O 
0 0 0 4 0 0 0 0

D 0 0 8 5 8 F 0  
4 7 8 0 C 0 5 4  
0 7 F E 4 1 F 0  
C 0 5 E 4 7 F 0  
4 7 F F C 0 9 6  
F6 F0 F 2F 1  
F 6 F 3 E 6 F 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
F 2 F2 F 5 F 6  
8 9 0 0 0 0 0 2  
4 1 F 0 0 0 0 4  
0 7 0 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0  F 1 F2 
4 0 4 0 4 0 4 0  
411CC2DC 
C 2 B 60 0 04  
1 0 0 0 C 3 0 0  
F 4 F 5 F 4 F 4  
4 F 1 0C 28 A  
0 0 0 1 4 7 F 0  
47 7 0C 3 38 
5 0 F0 C 3 8 6  
0 0 0 0 0 0 0 0  
F 8 F0 F 0 F 0  
F 0 F0 F 0 F 1  
4 0 4 0 4 0 4 0  
F0FCF6C4 
4 5 E0 C3 0 A  
4 1 1 0 C 4 1 B  
0 7 0 0 0 0 1 4  
C7961AAF 
00 17 F FE F 
F F F 9 0 0 3 8  
0 0 3 3 0 0 0 B  
OOOBFFEO 
F FDF0Q39 
0 0 3 8 0 0 1 8  
0 0 20 F F F 1  
FFF E003D 
0 0 3 3 0 0 2 8  
0 0 2 0 F F F 0  
F F E F 0 0 4 4  
47 F0C64 C 
4 7 4 0 C 6 3 8

A00CA93C 
8GQ248F8  
0 0 0 0 7 4 9 8  
0 0 0 0  75 I A

C 78A D20 1 
41 F0F 0GC 
0 0 0 4 0 7 F E  
C 0 5 4 4 1 1 O 
0 7 0 0 0 0 0 1  
F 1 F 5 F 7 F 6  
F 1 F 6 F 2F 8  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
F 1 F 7 4 7 F 0  
8 9 1 C 0 0 C 3  
0 7 F E 4 1 F 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 0  
4 0 4 0 4 0 4 C  
4 0 4 0 F 1 F 1 
4 0 4 0 4 0 4 0  
F 3 F 4 F 5 F 6  
4 0 4 0 4 0 4 0  
45 E0 C1 3C  
4 1 10 C2 F4  
4 7 8 0 C 3 0 6  
F 4 F 4 F 3 F 1  
1B 0 05 D0 0  
C 3 5 6 D 5 0 5  
D 2 0 2 F 0 0 0  
1B FF 07F E 
0 0 0 0 0 0 0  G 
F 0 F 1 E 6 F 1  
C 4 F 9 F8 F 7  
4 0 4 0 4 0 4 0  
F 3 F 2 F 5 F 6  
4 7 F F C 4 3 A 
45 E0 C3 0 A  
4 1 1 0 C 7 8 E  
4 8 F 1 0 0 0 4  
00 3 40 0 CC  
00 10FFDC 
FF E 1 0 0 3 7  
0 0 3 B 0 01 C  
0 0 1 B F F F 9  
F F FB 00 3D  
0 0 3 3 0 0 1 4  
0 G1 FF FF5  
FF E 2 0 0 4 2  
0 0 4 E 0 00 C  
002 OFF E 5 
1 8 6 1 4 1 4 0  
1 3 5 5 1 A2 5

« . .  . ,
*  . .  . ,
« .  . . ,
❖ - - - .

« . . .  (
*  0 . .  <<o#

*  . . .  ,
* A . « ,
*  . . . , . . 2 6 4 8 3 3 D 1 6 0 2 1 1 5 7 6 *
* 4 2 0 1 1 1 0 6 2 2 5 6 1 7W14 9 4 7 9 8 5 1 6 3W01 6 2 8 *  
* 5 4 1 6 7 3 D 0 2 8 2 5 7 7 1 5 4 3 W 1 9 6 6 7  *
*  «

* B  .
. . 7  7 1 5 4 3 W19 6 6 7 2 2 5 6 1 7 . O*

. 2 • B .
• • • • A • N • 
. . .OA . .

s
* U 1 1 W 1 1 1 U

* 0 1 2 3 4 5

. . *

. O* 
*

1 1 *

1 2 3 4 5 6 s*

*  E • • •
*  . . B . • GB• • . . . B Y . . A . . . ö . . OB • • • • . B 4*
* • • A • . • B B •0 BH• • .
* . . 1 1 1 1 1 1 W 1 1 1 1 1 1 2 3 4 5 6 D 1 2 3 4 5 4 4 4 4 3 1 *
* 0 4 4 4 4 4 1 1 1 1 1 1 . OD
* 0 .............. OC.  . 0 .  . . ............C . . . . . .OC . N . *

* C .  .OC . . . K ............P
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* 2 3 4 5 . . . 6 0 0 0 0 6 D 3 2 5 6 8 . . . 4 0 0 0 0 1 D 9 8 7 *
* 6 5 . . . *
*  4 0 0 O O I 8 0 0 0 0 1W12 3 4 5 6 0 0 0 0 6 D 3 2 5 6 *
* 8 4 0 0 0 0 1 D98 7 6 5 • •
* . OD . • • . D • •  • C • •
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*  . .  . W............1 .............
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05B10C 1 0 5 5 4 6 4 G C 6 2 4 4 1 F 0 0 0 0 4 0 7 F E 1 8 1 2 1 BF F 0 7 F E 4 1 1 0 C 67 2 4 5 E 0 C 6 1 6 47 F F C 6 5 8 4 7 F 0 *  • . .
0 5 B 1 2 0 C65EOOOC 4 1 IOC 67 8 4 5 E0 C 6 1 6 4 7 F FC 6 6A 0 0 0 0 0 7 0 0 4 7 F 0 C 7 3 2 F 2 F6 F 4F  8 F 3 F3 F 5 F  5 * F  • • « . • OG• 2 6 4 8 3 3  5 5 *
0 5 B 1 4 0 F 5 F1 F 2 F 1 F 0 F 1 F 0 F 4 F 3 F 8 E 6 4 0 4 0 4 0 4 0 4 0 F 0 F 9 F 8 F 6 F 7 F 3 C 4 4 0 4 0 4 0 4 0 4 0 F 1 F 2 F 1 F 3 * 5 1 2 1 0 1 0 4 3 8 W 0 9 8 6 7 3 D 1 2 1 3 *
05B16G F 4 F8 E 6 4 C 4 0 4 0 4 0 4 0 F 1 F 4 F 6 F 7 F 9 F 2 C 4 4 0 4 0 4 0 4 0 4 0 F 2 F 6 F 4 F 8 F 3 F3 C4 4 0 4 0 4 0 4 0 4 0 * 4 8  W 1 4 6 79 2 D 2 6 4 8 3 3 D
0 5 B 1 8 0 F 2 F7 F 6 F 5 F 9 F 9 E 6 4 0 4 0 4 0 4 0 4 0 F 3 F 3 F 3 F 4 F 8 F 2 C 4 4 0 4 0 4 0 4 0 4 0 F 4 F1 F 3 F 7 F 3 F 3 E 6 4 0 * 2 7 6 5 9 9 W 3 3 3 4 8 2 0 41 3733 W *
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05 B1 C0 F I F 2C440 4Ü 404G40 F 7 F 7 F 1 F 5 F 3 F 2 C 4 4 0 4 0 4 0 4 0 4 0 F 8 F0 F 0 F 3 F2FQE640 4 0 4 0 4 0 4 0 * 1 2 0 7 7 1 5 3 2 D 8Q0320W
0 5 B1 E 0 F 8 F 8 F 0 F 9 F3 F 2 C 4 4 0 4 0 4 0 4 0 4 0 F 9 F 1 F 0 F 2 F 3 F 4 C 4 4 0 4 0 4 0 4 0 4 0 5 8 DD 0004 98ECD00C * 8 8 0 9 3 2 D 9 1 0 2 3 4 D
0 5 B 2 0 0 07FE 05E F 5 8 F 0 9 1 6 A 0 0 0 6 6 F 6  8 0 0 0 0 0 0 0 0 0 0 0 6 0 8 4 0 0 0 0 6 4 8 E 8 0 Q0 635 E0 0 0 0 6 1 C 3 8 *  . .  . ,
0 5 B 2 2 0 00 Q5E 5A 8 00 G61C38 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 5 9 0 0 0 C9C5C6F4 F 5 F1 C 9 4 0 4 0 4 0 4 0 4 0 *  . .  V , . I E F 4 5 1 1 *
0 5 B 2 4 0 4 0 4 0 4 0 4 0 4 B 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 B 4 0 4 0 0 0 0 5 B 5 1 E 0 0 0 1 0 0 1 8 0 0 0 2 00 B A 0 0 0 6 E 8 4 0 * • •

0 5 B 2 6 0 90ECD00C G5C0G4F0 0 7 0 0 4 1 1 0 C 0 1 0 0 5 1 1 0 F 0 5 B 3 0 4 7 F FF 0 A 0  E 5 8 B 0 0 0 1 0 9 1 1 0 B 0 7 4 *  . • . « ......... *

0 5 B 8 2 0 5 0 4 0 1 0 1 0 4 3 4 0 A 0 0 8 1 2 4 4 4 7 8 0 8 8 5 C 4 8 2 0 A 0 0 E 5 4 2 0 8 A 9 E 4 7 8 0 87FC06  20 5 A 2 0 B 0 10 * .  . ,

£

*******************3me***************************************************************************************************
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DIMENSIONED STORAGE PAGE 25

LOG OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT P08APR70 9/16/70

855
856
85 7
8 5 8
859  
8 60 
861 
862 
8 63  
8 64
865
866 
86 7

*
❖
*
❖
*

*
*
*
❖

ANSWERS FOR THE THRE E- DI ME NSI ONAL  ARRAY PROCESSING ROUTINE.

1 .  THE PARAMETERS FOR THE HIGH FOR AUG. 23 WOULD LOOK L I K E :  
DC H* 8 » 23 t 1 '

3 .  THE AVERAVE TEMPERATURE FOR FEB.  12 WAS X ' 0 0 2 B «  OR 43 
DEGREES.

O 3UUU „ ƒ)

III!foWft

2 .  THAT WOULD BE FOUND AT OR 1TEMPERTR• + X ' 0 5 9 A * .
0 0 0 8 3 8 0 0  
0 0 0 8 3 9 0 0  
0 0 0 8 4 C 0 0  
0 0 0 8 4 1 G 0  
QO 08 4 2 0 0

00 0
0 0 0 8 3 2 0 0  
0 0 0 8 3 3 0 0  
0 0 0 8 3 4 0 0  
00  083 500  ' ' V o *Ï 
0 0 0 8 3 6 0 0  .
0 0 0 8 3 7 0 0

S M C  - A  Qt?*

o
 X

»
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BINARY SEARCH ROUTINES PAGE 26

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

8 6 9  *
8 7 0  *
8 7 1  *
87 2  *

* *#**#:(£*#:(£*# * * * * £ * * *
*  B INARY SEARCHES.  **  ----------*
*  *  *  *  jje * * * # # # *  *  *  # * * *  # *

87 4
8 7 5  
8 76
877
878
8 7 9
88 0  
881 
8 8 2  
8 8 3  
8 84
8 8 5
8 8 6
8 8 7
888
88 9
8 9 0
891
89 2
893
89 4
895
8 9 6
897
8 9 8
899
9 0 0
901
9 0 2
9 0 3
9 0 4
90 5
9 0 6
9 07
908
9 0 9
9 1 0
911
9 1 2
913
9 1 4
9 1 5
9 1 6
9 1 7

*  + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ++  + -M*+ + + + + + -H- + 4- + + -I- +++-M- +
*
*  LET US LOOK AT ANOTHER FAST SEARCHING TECHNIQUE WHICH REOUCES
*  THE NECESSARY NUMBER OF COMPARISONS TO FIND A DATA ITEM.  THIS
*  PARTICULAR SEARCHING TECHNIQUE» CALLED ' BINARY SEARCH'
*  RELIES UPON THE DATA ITEMS IN THE TABLE BEING IN ASCENDING OR
'* DESCENDING ORDER BY THEIR ARGUMENTS ( K E Y S ) .
*
*  THE PRI NCIPLE USED IS T H IS :
*
*  IN AN ORDERED (SORTED) TABLE, WHEN A COMPARISON OF SEARCH
*  ARGUMENT TO TABLE ARGUMENT IS MADE, THE DIRECTION OF SEARCH
*  FOR THE NEXT COMPARISON IS ESTABLISHED BY THE RESULT OF THE
*  COMPARISON. THAT I S TO SAY THAT I F  I COMPARE TWO ITEMS AND
*  FIND THAT THE SEARCH ARGUMENT IS LOWER THAN THE TABLE
*  ARGUMENT, THEN THE ITEM THAT I ' M  SEARCHING FOR ( I F  IT EXISTS)
*  EXISTS AT A LOWER ADDRESS IN THE TABLE THAN WHERE I AM NOW
*  LOOKING. V I SUALLY,  IT  LOOKS L I KE T H I S :
*
❖

❖
*

*
*

*
*
*
*
*
*
❖
*
*

•SORTED* (ASCENDING TABLE)
A (COMPARE IS +--------------- 4-------------------------
1 H I G H ,  ITEM • D ' +  — ------ >1 LOW EST | 1
1 MUST BE 1 +----------------+------------- ----------
1 LOWER I N • B « +_ ------ > + — ------ > ] LUW | I
1 THE T A B L E . ) 1 1 +------------- ----------------------------
1 1 '  E '  +— ------ > I MEANER | 1
+ 1 + - ------- -— +-----------------------
START HERE -------------------------> + - \
+ ' A * 1 -------------+-----------------------

1 • F '  +— ------ >1 MEANER J 1
(COMPARE IS 1 1 +--------------- 4—---------------------

LOW, ITEM •C ' + - - - - > + ■ — :------r> \ HIGH | 1
MUST BE 1 +----------------+---------------------- -
HIGHER IN • g • + — ------ > 1 H IGH E S T 1 1

V THE T A B L E . ) +----------------+------------- -----------
* SORTEDND'  (TOP OF T ABLE)

£
*  THE LETTERS I N  THE DIAGRAM MAY BE USED TO FOLLOW THE LOGIC
*  OF THE SEARCH.  WHEN SEARCHING,  WE COMPARE F I RS T  AT ' A ' ,  I F
*  THE SEARCH ARGUMENT I S  LOWER THAN THE TABLE ARGUMENT, THEN
*  THE NEXT COMPARE I S  AT ' B ' ;  I F  THE SEARCH ARGUMENT WAS
*  HIGHER,  THEN THE SECOND COMPARE WOULD HAVE BEEN AT * C* . ETC.
*
* + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + ♦ + + + + + + + + + +  + ++ ++ +

9 / 1 6 / 7 0

0 0 0 8 4 4 0 0
0 0 0 8 4 5 0 0
0 0 0 8 4 6 0 0
0 0 0 8 4 7 0 0

0 0 0 8 4 9 0 0  
0 0 0 8 5 0 0 0  
0 0 0 8 5 1 0 0  
0 0 0 8 5 2 0 0  
0 0 0 8 5 3 0 0  
0 0 0 8 5 4 0 0  
0 0 0 8 5 5 0 0  
0 0 0 8 5 6 0 0  
0 0 0 8 5 7 0 0  
0 0 0 8 5 8 0 0  
0 0 0 8 5 9 0 0  
0 0 0 8 6 0 0 0  
0 0 0 8 6 1 0 0  
0 0 0 8 6 2 0 0  
0 0 0 8 6 3 0 0  
0 0 0 8 6 4 0 0  
0 0 0 8 6 5 0 0  
0 0 0 8 6 6 0 0  
0 0 0 8 6 7 0 0  
0 0 0 8 6 8 0 0  
0 0 0 8 6 9 0 0  
0 0 0 8 7 0 0 0  
0 0 0 8 7 1 0 0  
0 0 0 8 7 2 0 0  
0 0 0 8 7 3 0 0  
0 0 0 8 7 4 0 0  
0 0 0 8 7 5 0 0  
0 0 0 8 7 6 0 0  
0 0 0 8 7  700  
0 0 0 8 7 8 0 0  
00 0 8  7 9 0 0  
0 0 0 8 8 0 0 0  
0 0 0 8 8 1 0 0  
0 0 0 8 8 2 0 0  
0G0883 G0  
0 C C 8 8 4 0 0  
00 08 8 500 
0 0 0 8 8 6 0 0  
0 0 0 8 8 7 0 0  
0 0 0 8 8 8 0 0  
0 0 0 8 8 9 0 0  
0 0 0 8 9 0 0 0  
0 0 0 8 9 1 0 0  
0 0 0 8 9 2 0 0



CHART BÏNARYSH 
PAGE 001 OF OOI

BINARY

* * * * A l * * * * * * * * *  
BEGIN BINARY *  

SEARCH *
*

* * * * * * * * * * * * * * *

* * * * * A2* * * * * * * * * *  
*  *
«HOUSEKEEPING -  *  

- > *  I N I T I A L I Z E  *
*  R EGI STE RS.  *
* * 
*****************

FOUND

* * * * B 2 * * * * * * * * *
*  FOUND, RETURN
*  CODE = 0 .  * < -----< --------
* * 

* * * * * * * * * * * * * * *

BISEARCH
* * A 3 * * * * * * *

* *
*  REDUCE *

----------> * R E M A I N I N G  T A B L E *
A . *  BY HALF.  *
I * *
I ***********
* * * *

* *
*  A3 *
* *

* * * *
V

. * .
B3 * .

*  *
YES . « I S  T H I S  T H E * .  

* .  I TEM ? . *
* .  . *

* . . *
* .  . *

*  NO <

s m < m
LCR

N 0 _ >  *
------- > *

<------
LOW V

*****(^3  * * * * * * * * * *  
*  £
*  ADD INCREMENT *
*  TO CURRENT *  
«TABLE ADDRESS.  *
*****************

* * * *
*  *  NC
*  A3 * < ------ ** *

* * * *

V
. * .

D3 * .

« ‘ looped 5 * * .
TIMES YET ? . *  

* .  . *
* .  . *

* .  . *
*  YES

NOENTRY
V

* * * * F 3 * * * * * * * * *
*  NO MATCH, *
*  RETURN CODE = *
*  4.  ****************

* * g 4 * * * * * * *
*  MAKE *  

INCREMENT *
NEGATIVE TO *  

SEARCH *
*  BACKWARDS *  * * * * * * * * * * *



130

BINARY SEARCH ROUTINES• PAGE 28

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 08 AP R70 9 / 1 6 / 7 0

9 31 DROP R1 0 0 0 9 0 6 0 0
0 0 0 0 0 0 93 2 USING DAT A I TEM, R2 0 0 0 9 0 7 0 0
0 0 0 6 1 8 47F 0 CÓ4C 0 0 6 5 2 9 3 3 B BYBINARY 0 0 0 9 0 8 0 0

0 0 0 61 C 93 5 BINARY EQU * 0 0 0 9 1 0 0 0
0 0 06 1C 1861 9 3 6 LR R 6 , R 1 0 0 0 9 1 1 0 0
0 0 0 6 1 E 4 1 4 0 C0G4 0 0 0 0 4 9 3 7 LA R4 , 4 LOOP COUNT. 0 0 0 9 1 2 0 0
0 0 0 6 2 2 4 1 5 0 006 0 0 0 0 6 0 93 8 LA R 5 , 96 INCREMENT 0 0 0 9 1 3 0 0
0 0 0 6 2 6 4 1 2 5 C 672 0 0 6 7 8 9 3 9 LA R 2 , SORT ED—1 2 ( R5 ) I N I T I A L  COMPARISON ( M I D - P O I N T ) . 0 0 0 9 1 4 0 0
0 0 0 6 2  A 88 5 0 0 0 01 0 0 0 0 1 9 4 0 BISEARCH SRL R 5 , l HALF LENGTH OF INCREMENT. 0 0 0 9 1 5 0 0
0 0 0 6 2  E D505 2 0 0 0  6 0 0 0 0 0 0 0 0 0 0 0 0 0 94 1 CLC MANNUMBR, MANNUMBR->DATAITEM(R6)  I S  T H I S  THE ITEM ? 0 0 0 9 1 6 0 0
0 0 0 6 3 4 4 7 8 0 C 6 4 6 0064C 94 2 BE FOUND YESt  RETURN. 0 C0 9 1 7 C 0
0 0 0 6 3 8 4 7 4 0 C63 8 0 0 6 3E 9 4 3 BL LOW NO, SEARCH BACKWARDS I N T A B L E . 0 0 0 9 1 8 0 0
0 0 0 6 3 C 1 355 9 4 4 LCR LCR R 5 t R 5 *  *  *  *  REFERRED TO IN QUESTION 4 . 0 0 0 9 1 9 0 C
0 0 0 6 3 E 1A25 9 4 5 LOW AR R 2 , R 5 GENERATE NEXT COMPARE ADDRESS. 0 0 0 9 2 0 0 0
0 0 0 6 4 0 1 0 55 9 4 6 LPR R 5 ,  R5 0 0 0 9 2 1 0 0
0 0 0 6 4 2 4 6 4 0 C 62 4 0 0 6 2  A 94 7 BCT R 4 , B I S E A R C H CONTINUE SEARCHING. 0 0 0 9 2 2 0 0
0 0 0 6 4 6 4 1 F 0 0 0 0 4 0 0 0 0 4 9 4 8 NOENTRY LA R1 5 * 4 ENTRY NOT IN T A B LE ,  ERROR RETURN. 0 0 0 9 2 3 0 0
0 0 0 6 4 A 07FE 9 4 9 BR R 14 0 0 0 9 2 4 0 0
0 0 06 4C 1812 9 5 0 FCUND LR R i t  R2 0 0 0 9 2 5 0 0
0 0 0 6 4 E 1 BFF 951 SR R 1 5 , R 1 5 0 0 0 9 2 6 0 0
0CC650 07FE 9 5 2 BR R 14 0 0 0 9 2 7 0 0

9 5 4 0 C 0 9 2 9 0 0
9 5 5 * T H I S CODE TESTS THE BINARY SEARCH ROUTINE ON THE PRECEEDING 0 0 0 9 3 0 0 0
95 6 * PAGE. IT T R I E S  TO LOCATE TWO I T E M S ,  ONE OF WHICH I S  IN THE 0 0 0 9 3 1 0 0
9 5 7 TABLE , THE OTHER OF WHICH I S  NOT IN THE T A B L E . 0C 09 3 2C 0
9 5 8 0 0 0 9 3 3 0 0

0 0 0 6 5 2 4 1 1 0 C 672 0 0 6 7 8 9 5 9 BYBINARY LA R1 , B1NARY1 ADDR. OF ARGUMENT TU LOCATE. 0 0 0 9 3 4 0 0
00 06 56 45 EO C616 0 0 6  1C 9 6 0 BAL R 1 4 , B I N A R Y 0 0 0 9 3 5 0 0
0 C 0 6 5 A 47FF 0 6 5 8 0 0 6 5  E 9 6 1 B * + 4 ( R 1 5 ) 0 0 0 9 3 6 0 0
0 0 0 6 5  E 4 7 F 0 C65E 0 0 6 6 4 9 6 2 B «+ 6 0 0 0 9 3 7 0 G
0 0 0 6 6 2 OOOC 963 DC H • 1 2 ' DUMP I F  NOT FOUND. 0C0 9 38 0 C
0 0 0 6 6 4 4 1 1 0 C 678 0 0 6 7 E 9 64 LA R l , N O T I N T A B ADDR OF ARGUMENT WHICH I S  NOT IN  THE 0 0 0 9 3 9 0 0
0 0 0 6 6 8 45 E0 C616 0061C 9 6 5 BAL R 1 4 , B I N A R Y T A B L E . 0 0 0 9 4 0 0 0
0 0 0 6 6 C 47FF C66 A 0 0 6 7 0 9 6 6 B * + 4 ( R 1 5 ) 0 0 0 9 4 1 0 0
0 0 0 6 7 C GOOD 96 7 DC H* 13» TAKE A DUMP I F  I T  THINKS I T  FOUND I T . 0 0 0 9 4 2 0 C
0 0 0 6 7 2 0 7 0 0 9 6 8 NOPR 0 0 0 0 9 4 3 0 0
0 0 0 6 7 4 47FC C732 0 0 7 3 8 9 6 9 B BINARYOK 0 0 0 9 4 4 0 0
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BINARY SEARCH ROUTINES. PAGE 30

LOC OBJECT CODE ADDRI  ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70  9 / 1 6 / 7 0

10 13 * * * # * * * * # # # # : * * # # * # * * * * * # * * * * * * * # * # # # * # * * * # * * * * # * # * * * * * # # * * sjs#* * # * * * * ❖ # * *  0 0 0 9 8  800
1 0 1 4 * 0 0 0 9 8 9 0 0
1 0 1 5 * ANSWERS FOR THE BINARY SEARCH ROUTINE. 0 C 0 9 9 0 0 0
1 0 16 * 0 0 0 9 9 1 0 0
1 017 * 1 . THERE WOULD BE THREE COMPARISONS MADE. 0 0 0 9 9 2 0 0
10 18 * 0 0 0 9 9 3 0 0
1 0 1 9 * 2 . NO MORE THAN FOUR COMPARISONS. 0 C 0 9 9 4 0 0
1 0 2 0 * 0 5 & & E 0 0 0 0 9 9 5 0 0
10 21 * 3 . • SORTED* + X ' 9C * OR X* ' . 0 0 0 9 9 6 0 0
10 22 * 0 0 0 9 9 7 0 0
10 23 * 4 . THE ' L C R '  W I L L  BE EXECUTED TWI CE . 0 0 0 9 9 8 0 0
1 0 2 4 * 0 0 0 9 9 9 0 0
1 0 2 5 Sit $ sjtsjc s i t * *## $ # **;js # sjt $ # $ # * # * * * *  # # * * # * *  sjc *  *  *  # :* *  *  *  *  *  * * * * *  * * * * * * * * * * * * * * *  0 0 1 0 0 0 0 0

0 0 0 7 3 8 58DD 0 0 0 4 0 0 0 0 4 1 0 2 7 L R13 , 4 ( R 13 ) 0 0 1 0 0 2 0 0
0 0073C 98EC DOOC OOOOC 10 28 LM R 1 4 , R 1 2 , 1 2 ( R 1 3 ) 0 0 1 0 0 3 0 0
0 0 0 7 4 0 07FE 1 0 2 9 BR R14 001-00400
0 0 0 7 4 4 10 30 SAVEAREA OS 18F 0 0 1 0 0 5 0 0

1031 END OC1 0 0 6 0 0
0 0 0 7 9 0 OCOOOGOO 1032 = V ( PCHKRETN)
0 0 0 7 9 4 OCOI0 0 1 8 0 0 0 2 10 33 = H ' 1 , 2 4 , 2 '
0 0 0 7 9 A OOBA 1 0 3 4 = H '  1 8 6 '
0 0 0 7 9 C 0 0 0 6 1 0 3 5 = H'  6 '
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RELOCATION DICTIONARY PAGE 1

pns . id REL.ID FLAGS ADDRESS 9/16/70

OI 01 OC 000128
01 01 OC 00038C
01 02 1C 000790



CROSS-REFERENCE

SYMBOL LEN VALUE DEFN REFERENCES

ADSERIAL 0 0 0 1 2 0C012C 0 0 1 9 6 0 1 7 4
ALRDYIN 0 0 0 0 4 00 C1 7 8 0 0 3 8 0 0 3 7 6
AREANMBR 0 0 0 0 2 0 0 0 0 0 7 0 0 0 8 3
ARRAYOK G00G1 00 0 6 18 0 0 8 5 3 0 8 1 5
ARRAY3D C00C2 0 0 0 4 8 0 0 0 7 9 9
BINARY C 0 001 0 0 0 b 1C 0 0 9 3 5 0 9 6 0 0 9 6 5
BINARYOK u 0 C G 2 0 0 0 7 3 8 0 0 9 8 9 0 9 6 9
BINARY1 0000Ó 0 0 0 6 7 8 0 0 9 7 1 0 9 5 9
BISEARCH 0 0 0 0 4 0 006  2 A 0 0 9 4 0 0 9 4 7
BLANKS 0 0 00 1 00 0 1 8C 0 0 3 9 1 0 3 7 5
BRANCH# 0 0 0 0 3 0 0 0 0 0 9 0 0 0 8 4
B R1 4 0 0 0 0 2 0 0 0 0 2 8 0 0 0 3 3 0 0 31 0 0 3 2
BYBINARY 0 CO 0 4 0 0 0 6 5 2 0 0 9 5 9 0 9 3 3
CHAINOLN 0 0 0 01 0 0 0 0 OF 0 0 6 3 7 0 6 2 3
CHAINPTR COCCI 000 COC 0 0 6 3 6 0 6 1 3 C 6 I 4 C 622 0 6 2 2
CHAINS 0 0 0 0 1 0C03B8 0 0 6 3 4 0 6 3 1
CHAI NTST 0 0 0 0 2 0 0 0 4 3 4 0 0 6 4 9 0 5 9 7
OATAITEM 0 0 C 01 0 0 0 0 0 0 C0Q79 0 0 8 6 0141 C 150 0 1 5 9 0611 0 6 2 1 0 6 3 6 0 9 3 2 0 9 4 1
DIRECT 0 0 0 0 4 0 0 0 2 9 8 0 0 4 0 1 0 3 6 2
DIRECTAB 0 0 0 1 2 OG C1 9 A 0 0 3 9 4 0 3 7 4
DIRECTOR 0 0 0 0 2 uGOBOC 0 0 4 6 2 0 4 1 9
DIRECTSH OOCO^t 0GC17E 0 0 3 8 3 0 4 1 7
DIRECTST 0 0 0 0 2 0CG142 0 0 3 6 4 0 4 0 2 0 4 0 7 0 4 1 2
D I 17 ECTS2 0 0 0 0 6 0 0 0 1 4 6 0 0 3 6 6 0 3 8 4
DOUBLE 00 0  08 CO 02 90 0 0 3 9 5 0 3 6 6 0 3 6 7 0 5 9 9 06 OC
OUPF COO 04 00 03 80 0 0 6 2 7 0 6 1 2
ENTER 0C006 00 035C 0 0 6 1 8 0 6 1 0
FOUND 0 0 0 0 2 0 0 0b 4C 0 0 9 5 0 0 9 4 2
FUNCTION 0 0 0 0 6 OC 0 0 0 6 GO C 81
F20 00 C0 4 OC 0 1 8 8 00 39C 0 3 6 9
F 2 000 00 0 0 0 0 4 0 0 0 4 3 0 0 0 6 4 2 06 0 2
HASHIT 0 0 0 u 2 0 0 0 3 1 0 0 0 5 9 8 0 6 5 1 C656 0 661 0 6 6 6
HASHTAB 0 0 0 0 4 0 0 0 3 9 0 0 0 6 3 2 0 6 0 4
TNDICATR 0 0 001 0 0 0 0 0 6 C 0 0 8 2
INSERT 0 0 0 0 4 C00C2E 0 0 1 4 4 0 1 7 5 0 1 8 0
INSERTLP 00 0C6 0 0 0 0 3 2 0 0 1 4 5 0 1 4 9
i t e m l f n 0 0 0 0 1 OCOOCC 0 0 0 3 6 0 1 5 0 0 392 0 6 2 1 0 6 3 6 0 6 3 7
ITEM1 0 0 0 1 2 0CC2E2 0 0 4 2 2 04 01
ITEM1A 0 0 0 1 2 0 0 0 4 0 9 0 0 6 3 9 0 6 5 0
ITEM2 C 0 012 0 0 0 2 E E 00 42 3 04 06
ITFM2A 0 0 0 1 2 0 0 0 4 1 5 00 64 0 0 6 5 5
ITEM3 0 0 0 1 2 C0C2FA 0 0 4 2 4 0 4 11
ITEM3A 0 0 0 1 2 0 C04 21 0 0 6 4 1 066C
LCR 0 0 0 0 2 00063C 0 0 9 4 4
LOOP 0 0 0 0 6 0003  3 E 0 0 6 1 1 0 6 0 8 0 6 1 7
LOW 0 0 0 ü 2 00 063E 0 0 9 4 5 09 4 3
MANNUM6R 0 0 0 0 6 0 0 0 0 0 0 0 0 0 8 0 0 1 4 5 C 162 03 66 0 3 7 5 0392 0 4 1 8 0 5 9 9 06 11 06 11
NEXTITEM 0 0 0 0  1 OCCOOC 00 085 0 0 8 6 0 1 4 7 0 1 5 1 0 1 6 4
NOENT RY 0 0 0 0 4 0 0 0 6 4 6 0 0 9 4 8
NOTINTAB C0C06 00 06  7 E 0 0 9 7 2 0 9 6 4
NXAVAIL 0 0 0 0 4 CGC38C 0 0 6  31 0 6 1 8 0 6 19 0 6 2 4
POINTER GO C04 CCC128 OG 195 0 1 4 8 C l  52 0 1 6 5
RETURNC 0 0 0 0 2 0GC056 0 0 1 5 3 0 1 6 3
RETURN4 0CCC4 OG o 0 5 A 0 0 1 5 5 0 1 4 6 0 1 6 7
RO 0 0 00 1 uuCGüu 0 0 0 0 4 C368 C 3 68 0 3 6 9 0 3 7 0 03 71 0 3 7 3 0 3 7 7 06 01 0 6 0 1

0 9 4 1  0 9 4 1

0 6 0 2  0 6 0 3  0 6 0 5

PAGE 1 

9 / 1 6 / 7 0



CROSS-REFERENCE PAGE

SYMBOL LEN VALUE DEFN REFERENCE:

R1 00 001 GC0CG1 0G0C5 0 1 4 5 0 1 5 0
0 3 7 4 0 401
0 6 5 5 06 6 0

RIO 0 0 0 G1 OCOGOA G 0 0 1 4 0 8 0 3 0 8 07
R 11 0 0 0 G1 G u C u nj6 CG015
R 12 0C001 oooooc 0GC16 0 0 2 0 C 021
R13 00C01 OCGOOD 0 G 01 7 0 0 2 0 0 0 2 4
R 14 GO 001 00 0 G OE 0 0 0 1 8 0 0 2 0 0 0 3 3

0 6 5 1 0 6 5 6
R 15 GO 001 C C 0 G 0 F GOO 19 C023 0 0 2 4

0 1 5 7 0 1 7 6
C606 C 6 09
0 6 6 2 0 6 6 7
0 9 4 8 0 9 5 1

R 2 C0Q01 0CCGG2 0C0G6 0 3 6 5 0 3 9 2
R 3 00 001 0 C 0 0 C 3 GGC07
R 4 0 0 0 0 1 CGCGG4 0 0 0 0 8 0 9 3 7 0 9 4 7
R5 OOCOl OOG CG5 0GCC9 0 9 3 8 0 9 3 9
R 6 0 0 0 0 1 0GGG06 COG TO 0 9 3 6 0941
R7 0 0 0 0 1 0 0 ^ 0 0 7 G u O l l
R 8 OOCOl 0C00 08 0G012
P q 00 GO 1 u CC CC9 CC013
SARGUMNT 0 0 0 0 6 0 G 01 3 8 0 0 1 9 7 0 1 6 2 0 1 8 5
SAVE'AREA 0 0 0 0 4 CO 0 744 0 1 0 3 0 C 0 23

-  SEARCH1 00 006 0CC306 0C 42 5 0 4 1 6 C418
01 SEARCH2 0 0 0 0 6 0GG403 00 63 8 0 6 6 5

SELECT 0 0 0 0 6 GO 019 2 0 0 3 9 2 0 3 7 7
S ER IA L OOCOl 6' C O' 6 0 0 1 6 0 0 1 8 4
S ER IA LL P 0 0 0 C 6 CGGG64 0 0 1 6 2 0 1 6 6
SERIALOK 0C0C2 GO 013 E 0 0 1 9 8 0 1 86
SORTED 0 0 0 1 2 GO C664 G0973 0 9 3 9
SORTEDND 0 0 00 1 G 0 0 7 3 8 0 0 9 8 8
STORAGE 0 0 0 0 1 0 0 0 0 0 0 C00G2 0 1 4 0
TABLE 0 0 0 1 2 GO G.u BO 0 0 1 8 9 0 1 4 4 0161
TABLEMPT 0 0 0 1 2 G 0 0 0 E C 0 0 1 9 4 0 1 9 5
t e m p e e r C00C2 GGC4BG 0 0 8 1 6 0 8 0 3
TESTCODE 0 0 0 0 4 0 C 0 C 7 E 0 0 1 7 4 0 1 4 2
TE STOAT A 0 0 0 1 2 C000C8 GG191 0 1 7 9
WORD C 0 0 0 4 0 0 0 3 8 8 GG63C 0 6 1 4 0 6 1 5

NO STATEDMENTS <FLAGGED I N T H I S ASSEMBLY

9 / 1 6 / 7 0

0 1 5 9
0 4 0 6
0 6 6 5
08 11

0 022
0 0 2 5
0 1 5 4
0661
0 0 2 5
0181
0 6 0 9
0 8 0 0
0 9 5 1
0 5 98

0 161
0 4 1 1
0 7 9 7
0 8 1 2

1028  
0 0 2 6  
C l  56 
0 6 6 6  
0 0 2 6  
0 3 6 4  
0 6 1 3  
0801  
0961  
0 6 11

0 9 4 0  0 9 4 4

0 1 6 4 0 1 6 5 0 1 7 4 0 1 7 9 0 1 8 5 0 3 6 5 0 3 6 7 0 3 7 0 0 3 7 2 0 3 7 3 0 3 7 4
0 4 1 6 05 9 8 0 6 0 0 0 6 0 6 0 6 0 7 0 6 0 7 0 6 1 5 0 6 1 6 0 6 1 6 0 6 2 0 0 6 5 0
0 7 9 9 0 804 0 8 0 8 0 8 1 2 0 9 3 1 0 9 3 6 0 9 5 0 0 9 5 9 0 9 6 4

0 0 2 7 0 0 2 7 1 0 2 7 1 0 2 7 1 0 2 8
0 1 7 5 0 1 8 0 0 1 8 4 03 79 0 3 8 1 0 4 0 2 0 4 0 7 0 4 1 2 0 4 1 7 0 6 2 6 0 6 2 8
0 9 4 9 0 9 5 2 0 9 6 0 0 9 6 5 10 2 8 1 0 29
0 0 3 0 0 031 0141 0 1 4 4 0 1 4 7 0 1 4 8 0 1 5 1 U1 52 0 1 5 3 01 5 3 0 1 5 5
0 3 6 4 0 3 7 7 0 3 7 8 0 3 7 8 0 3 8 0 0 3 8 3 0 4 0 3 0 4 0 8 0 4 1 3 0 6 0 4 0 6 0 5
0 6 1 8 0 6 1 9 0 6 2 0 0 6 2 3 0 6 2 3 0 6 2 4 0 6 2 5 0 6 2 5 0 6 2 7 0 6 5 2 06 5 7
0 8 02 0 803 0 8 0 4 0 8 0 5 0 8 0 6 0 8 0 7 0 8 0 8 0 8 0 9 0 8 1 0 0 8 1 0 0 8 1 1
09 6 6
0621 0 7 9 9 0 8 0 0 0 9 32 0 9 3 9 0 9 4 5 09 5 0

0 9 4 4 0 9 4 5 0 9 4 6 0 9 4 6

^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N I  = 1 0 0 6
^OPTIONS IN EFFECT*  L I S T ,  NODECK, LOAD,  NORENT, 

1152  PRINTED L I NE S

SOURCE RECORDS ( S Y S L I B )  = 25
XREF,  NOTEST,  ALGN, OS,  L I N  EC NT = 55



F 4 4 - L E V E L  L INKAGE EDITOR OPTIONS S P E C I F I E D  MAP»L E T , L I  S T , NCAL 
VAR IA BLE  OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 Ï -  

IEWOOOO ENTRY U T I L I T Y
DEFAULT O P TI ON ( S ) USED

MODULE MAP

CONTROL SECTION ENTRY

NAME O R I G I N LENGTH NAME LOCATION NAME LOCATION NAME LOCATION

STORAGE OG 79E
U T I L I T Y 7A0 5A0

PRI NT 80 2 PCHKRETN A5E

ENTRY ADDRESS 7A0
TOTAL LENGTH D40

* * * * G 0  DOES NOT E X I ST  BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION
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ssssssssss TTTT TTT TT TT T 0 0 0 GOO0 0 0 0 0 0 RRRRRRRRRRR. EEEEEEEEEEEE T T T T T TT T TT T T a a a a a a a a a a
ssssssssssss TT TT TTT TT TT T 0 0 0  0 0 0 0 0 0 OGO RRRRRRRRRRRR EEEEEEEEEEEE T T TT T T T T T T T T AAAAAAAAAAAA
SS SS TT GO 00 RR RR EE TT AA AA
SS TT 00 00 RR RR EE TT AA AA
SSS TT 00 00 RR RR EE TT AA AA

sssssssss TT 00 00 RRRRRRRRRRRR EEEEEEEE TT AAAAAAAAAAAA
sssssssss TT 00 00 RRRRRRRRRRR EEEEEEEE TT AAAAAAAAAAAA

SSS TT 00 00 RR RR EE TT AA AA
SS TT 00 00 RR RR EE TT AA AA

SS SS TT 00 00 RR RR EE TT AA AA
SSSSSSSSSSSS TT 0 0 0 0 0 0 0 0 0 0 0 0 RR RR EEEEEEEEEEEE TT AA AA

ssssssssss TT 0 0 0 0 0 0 0 0 0 0 0 0 RR RR EEEEEEEEEEEE TT AA AA

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
99  99
99  99
99 99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99  
99

99  99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9

* * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *



EXTERNAL SYMBOL DICTIONARY PAGE 1
SYMBOL TYPE ID ADDR LENGTH LD ID 1 2 . 1 3  9 / 1 7 / 7 0

DIRECTTA SD 01 0 0 0 0 0 0 00 021C
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PAGE 1

LOC OBJECT CODE a DDRI ADDR2 STMT SOURCE STATEMENT F0 8 AP R7 0  9 / 1 7 / 7 0

0 0 0 0 0 0 1 DIRECTTA CSECT 0 0 0 0 0 1 0 0
cooooo 90 EC DOOC OOOOC 2 STM R 1 4 , R 1 2 , 1 2 ( R 1 3 ) SAVE CALLER * S R EGI STERS. 0 0 0 0 0 2 0 0
0 0 0 0 0 4 05C0 3 BALR R12 * 0 SET UP MY BASE. 0 0 0 0 0 3 0 0
0 0 0 0 0 6 4 USING * , R 1 2 0 0 0 0 0 4 0 0
0 0 0 0 0 6 4 1 F 0 C 1C E 0 0 1 D 4 5 LA R 1 5 , D I R E C T S V ADDRESS OF MY SAVE AREA. 0 0 0 0 0 5 0 0
0 0 0 0 0 A 5 ODF 0 0 0 4 0 0 0 0 4 6 ST R13 ? 4 ( R 1 5 ) CHAI N SAVE AREAS. 0 0 0 0 0 6 0 0
OOOOOE 50FD 0 0 0 8 0 0 0 0 8 7 ST R 1 5 , 8 ( R 1 3 ) 0 0 0 0 0 7 0 0
0 0 0 0 1 2 18DF 8 LR R13 * R 1 5 0 0 0 0 0 8 0 0
0 0 0 0 1 4 D703 DCO8 DG08 0 0 0 0 8 G00 08 9 XC 8 ( 4 , R 1 3 ) , 8 ( R131 TERMINATE SAVE AREA C H A I N . 0 0 0 0 0 9 0 0

10 ❖ STANDARD SAVING CONVENTIONS COMPLETE. 0 0 0 0 1 0 0 0
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LOC

I

STORAGE AND RETRIEVAL TROUBLE ANALYSIS  PROBLEM 1. PAGE 3

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 7 / 7 0

13 * * * * * * *  * # * * * * * * # * # # * * #  £ * * * * * * * * * * : $ : * # * # * 0 0 0 0 1 3 0 0
14 *  STORAGE & RETRIEVAL T / A  PROBLEM 1 .  * OCOO1400
15 * * --------------- ---- ----------------------- --------------------------- —  * 0 0 0 0 1 5 0 0
16 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 0 1 6 0 0

18
19
20 
21  
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60  
61  
62

*4-4-4-4-4-4-4-4-4- + 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-f4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-
*
*

*
*
*
❖
❖
❖
*
*

❖

*
*
*

*
❖
*

❖

£
❖

❖
*
*

*

T H I S  ROUTINE CHAI NS 1 2 - B Y T E  ITEMS INTO A TABLE USING THE 
DIRECT STORAGE TECHNIQUE-  I T  USES •HASHING*  TO LOCATE THE 
ADDRESS OF THE C H AI NI NG POI NTE R.  I T  PERFORMS MODULO D I V I S I O N  
OF THE ARGUMENT BY 2 0 ,  WHICH GIVES I T  AN ADDRESS IN * H AS HT AB * ,  
WHICH CONTAINS POINTERS TO THE CHAINS OF SYNONYMS.

UNFORTUNATELY,  T H I S  PROGRAM DÜESN* T APPEAR TO HAVE WORKED AS 
I T  WAS I NTENDED.  YOUR JOB,  SHOULD YOU DECIDE TO ACCEPT I T ,
I S  TO F I N D  THE ERROR I N  THE PROGRAM OR THE DATA THAT MADE 
THE PROGRAM F A I L .  AS ALWAYS,  SHOULD YOU BE CAPTURED OR 
K I L L E D . . . .

T H I S  I S  THE TABLE USED IN THE PROGRAM.

• HASHTAB*
+_______+
I +---------- + -

• CHAI NS*

|000000001
+-------+
, + ---------- 4 ~

DATA ITEM

IOOCOOOOO 1
4----------------------4-

I 00000000 I
4----------------------+
) ) ) ) ) ) ) ) ) )
( < < ( ( ( ( < ( (

--------> 1 2 0 0 0 0 0 1  DATA ITEM |
4----------------- 4-

— — > 1 4 0 0 0 0 9 1
+ ---------------- 4-

--------> 1 8 0 0 0 0 2 1
+ --------------------- + ------------------------------>------

I 6 COOGO1 DATA ITEM
+------------- + -----------------------

+ ~  > !

4---------------
+ -

4—----------
I 0 0 0 0 0

DATA ITEM

—  +

CC|
4----------------------- 4-
I 0 0 0 0 0 0 0 0 1
4------->--------------- 4-
I 0COOOGOO I <------ 4-
4--------------------- 4- (POINTS

-> 4 -

I
I
I
I
V

+---------- 4 -------->4-

j ocooooooi
4----------------------4-

)))))))}))
( ( ( ( ( ( ( ( ( (
4----------------------4-

( FREE AREA )

TO
THE START 
OF T H I S  
L I N E .>

I

4-----------------------------------------------------------------

I 
t
1 I
n  m  n  m  n )  m  n  m  > > ) ) ) ) > )
( ( U ( ( ( ( ( U ( ( U ( ( ( ( U ( U U ( U
4------------------------------------------ -- --------—  -------------- —  4-

*  • NXAVA I L •
* ( A D D R .  4---------------- 1
*  OF 1ST | 4------- ------- >4-
^UNUSED 4-----------------• -  +
*BYTE IN * CHAINS1 . )

£4-4'4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4‘ 4-4-4-4-4-4'4-4-4-4-4-4-4-4-4-4-4-4-4-+4-4- + 4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4- 4-4- 4- 4- 4-4-4-

0 0 0 0 1 8 0 0  
0 0 0 0 1 9 0 0  
0 0 0 0 2 0 0 C  
0 0 0 0 2 1 0 0  
0 0 0 C 2 2 0 0  
0 0 0 0 2  30 0 
0 0 0 0 2 4 0 0  
0 0 0 0 2 5 0 0  
0 0 0 0 2 6 0 0  
0 0 0 0 2  7 OC 
0 0 0 0 2 8 0 0  
0 0 0 0 2 9 0 0  
0 0 0 0 3 0 0 0  
0 0 0 0 3 1 0 0  
0 0 0 0 3 2 0 0  
0 0 0 0 3 3 0 0  
0 0 0 0 3 4 0 0  
0 0 0 0 3 5 0 0  
0 0 0 0 3 6 0 0  
0GC 0 37 00  
0 0 0 0 3 8 0 0  
0 0 0 0 3 9 0 0  
0 0 0 0 4 0 0 0  
0 0 0 0 4 1 0 0  
0 0 0 0 4 2 0 0  
0 0 0 0 4 3 0 0  
0 0 0 0 4 4 0 0  
0 0 0 0 4 5 0 0  
OC 0 0 4 6 0 0  
0 0 0 0 4 7 0 0  
0 0 0 0 4 8 0 0  
0 0 0 0 4 9 0 0  
0 0 0 0 5 C 0 0 
0 0 0 0 5 1 0 0  
0C 00 520 G 
OC0 0 5 3 0 0  
0 0 0 0 5 4 0 0  
0 0 0 0 5 5 G 0 
0 0 0 0 5 6 0 0  
0 0 0 0 5 7 0 0  
0 0 0 0 5 8 0 0  
0 0 0 0 5 9 0 0  
0 0 0 0 6 0 0 C 
0 0 0 0 6 1 0 C 
0 0 0 0 6 2 0 0



STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

0 0 0 0 0 0 64 RO EQU 0 '
0 0 0 0 0 1 65 R 1 EOU 1
0 0 0 0 0 2 66 R2 EQU 2
0 0 0 0 0 3 67 R3 EQU 3
0 0 0 0 0 4 68 R4 EQU 4
0 0 0 0 0 5 69 R5 EQU 5
0 0 0 0 0 6 7 0 R6 EQU 6
0 0 0 0 0 7 71 R 7 EQU 7
0 0 0 0 0 8 72 R8 EQU 8
0 0 0 0 0 9 73 R9 EQU 9
0 0 00 0  A 74 RIO EQU 10
OOOOOB 75 R l l EQU 11
OOOOOC 76 R 12 EQU 12
OOOOOD 77 R13 EQU 13
OOOOOE 78 R14 EQU 14
COOOOF 79 R15 EQU 15

PAGE 4

F08 APR7Q 9 / 1 7 / 7 0

0 0 0 0 6 4 0 0
0 0 0 0 6 5 0 0
0 0 0 0 6 6 0 0
0 0 0 0 6 7 0 0
0 0 0 0 6 8 0 0
0 0 0 0 6 9 0 0
0 0 G 0 7 0 0 0
0 0 0 0 7 1 0 0
0 0 0 0 7 2 0 0
0 0 0 0 7 3 0 0
0 0 0 0 7 4 0 0
0 0 0 0 7 5 0 0
0 0 0 0 7 6 0 0
0 0 0 0 7 7 0 0
0 0 0 0 7 8 0 0
0 0 0 0 7 9 0 0



CHART DIRECTTA
PAGE 001 OF OOI

HASHM AN#

* *  *  *  a 1 ««  « « *  *  *  *  «
*  START DIRECT *
*  TABLE STORE *
*  R OU TI NE .  « * * * * * * * * * * * * * * *

* * * * * a 2 * * * * * * * * * *
*  CONVERT MAN *
*  NUMBER TO AN *  

■>«ADDRE SS I N  THE *
*  HASH T A B L E .  *
* * 
* * * * * * * * * * * * * * * * *

V
. * .

B2 *  .
.  *  * «

. *  DOES A 
*  . C H A I N  EXI  ST 

*  .
*  .  . *  

* .  . *
*  YES

ENTER

* .  NO
? . * --------------- > *  ,

YES
. * .

B3 * .
. *  * .

*  SEARCH * .  NO 
OPERATION ? . *  —  

* .  . *
*  • • *

* .  . *
«

LOOP I T

- > *  .

V
. * .

C 2 *  .
. *  *  

F I N D  THE 
ITEM ?

*  • . *
* .  . *

*  NO

* * * *
*  *
*  B3 *
* *

* * * *

DUPLICAT

. * * * * ( 3 * * * * * * * * *
* .  YES «RETURN,  CODE = *

. * --------------- > *  4 .  *, *  « *
* * * * * * * * * * * * * * *

NO
. «.

D1 « .
jjt 3$C

YES . «L AST IN THE*  .
+ —  « .  CHAIN ? . « < ------<------
I « .  . «
I « .  . «
V « .  . «
* * * *  *

* *
*  B3 *
* *

* * D 2 * * * * * * *
*  *

*  GET ADDRESS *  
*QF NEXT I TEM I N *

*  THE C H A I N .  *
* *

***********

*****B4********** 
* *
«ENTER THE ITEM *

- > «  IN THE TABLE.  *
* *
* *
*****************

NOENTRY
* * * * B 5 * * * * * * * * *

^  «RETURN, CODE = « 
—  +— > « 0 .  « 

*  *  
* * * * * * * * * * * * * * *

* * * *
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STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1 PAGE 5

LOG OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70 9 / 1 7 / 7 0

0 0 0 0 1 A 4 7 F 0 C17A 0 0 1 8 0 81 B CHAI  NT ST BRANCH TO THE TEST CASE CODE. 0 0 0 0 8 1 0 0
0 0 0 0 0 0 82 USING D A TA I T E M , R 5 0 0 0 0 8 2 0 0
0 0 0 0 IE 1821 83 HASHMAN# LR R2 t R1 0 0 0 0 8 3 0 0
0 0 0 0 2 0 F275 C 172 10 00 0 0 1 7 8 0 0 0 0 0 84 PACK DOUBLE , 0 ( 6 , R l ) CONVERT THE MAN NUMBER TO AN ADDRESS 0 0 0 0 8 4 0 0
0 0 0 0 2 6 4E10 C l  72 0 0 1 7 8 85 CVD Rl *D OU BLE USING MODULO D I V I S I O N  BY 0 0 0 0 8 5 0 0
0 0 0 0 2 A 1B00 86 SR RQ,RO 2 0 . 0 0 0 0 8 6 0 0
00 00 2C 5D00 C 16 A 0 0 1 7 0 87 D RO, F20 0 0 0 0 8 7 0 0
0 0 0 0 3 0 8 9 0 0 0 0 0 2 0 0 0 0 2 88 SLL RO »2 0 0 0 0 8 8 0 0
0 0 0 0 3 4 4 1 5 0 C0A2 0 0 0 A 8 89 LA R5,HASHTAB ADDRESS OF THE HASHED ADDRESS TA BLE . 0 C 0 0 8 9 0 0
0 0 0 0 3 8 1A50 90 AR R 5 ,  RO ADD THE HASHED DISPLACEMENT. 0 0 0 0 9 0 0 0
0 0 0 0 3 A 5 8 1 5 0 0 0 0 0 0 0 0 0 91 L R i t  0 ( R5) GET THE CHAI N P T R t I F  SUCH E X I S T S . 0 0 0 0 9 1 0 0
0 0 0 0 3 E 1211 92 LTR R l »  R l CHECK FOR THE EXI STENCE OF A C H A I N . 0 0 0 0 9 2 0 0
0 0 0 0 4 0 4 7 7 0 C046 0004C 93 BNZ LOOPIT YESt  SEARCH FOR END. 0 0 0 0 9 3 0 0
0 0 0 0 4 4 4 1 5 5 0 001 0 0 0 0 1 94 LA R 5 , 1 ( R 5 ) NO,  FAKE THE ADDRESS OF A CHAI N PTR. 0 0 0 0 9 4 0 0
0 0 0 0 4 8 4 7 F0 C 0 6 4 0 0 06A 95 B ENTER AND GO ENTER THE ITEM IN C H A I N . 0 0 0 0 9 5 0 0
00 004C 05 05 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 96 LOOPIT CLC MANNUMBRfMANNUMBR- DATAITEMC R2)  SEARCH FOR THE I T E M . 0 0 0 0 9 6 0 0
0 0 0 0 5 2 4 7 8 0 C 090 0 0 0 9 6 97 BE DUPLICAT D UPL ICATE FOUND, E X I T . 0 0 0 C 9 7 0 0
0 0 0 0 5 6 4 1 5 0 500C OOCOC 98 LA R 5 t CHAINPTR 0 0 0 0 9 8 0 0
0 0 0 0 5 A D2 02 C09B 500C 000A1 OOOOC 99 MVC WORD+1( 3 ) , CHAINPTR GET ADDRESS OF NEXT I TEM IN C H A I N . 0 0 0 0 9 9 0 0
0 0 0 0 6 0 5 810 C 09 A OOOAO 1 0 0 L Rl tWORD 0C 01 C 00 0
0 0 0 0 6 4 1211 101 LTR R l t R l I S  THERE ONE ? 0 0 0 1 0 1 0 0
0 0 0 0 6 6 477C C046 00 04C 102 BNZ LOOPIT YES,  CON TI NU E. 0 0 0 1 0 2 0 0
0 0 0 0 6 A 91 80 C 09 6 0009C 103 ENTER TM FLAG,SEARCH I S  T H I S  A SEARCH OPERATION ? 0 0 0 1 0 3 0 0
0 0 0 0 6  E 4 7 1 0 C08C 0 0 0 9 2 1 0 4 BO NOENTRY YES,  DON' T INSERT T H I S  ONE. 0 0 0 1 0 4 0 0

. 0 0 0 0 7 2 D202 5 0 00 C09F 0 0 0 0 0 00 0 A5 105 MVC 0 (3 t R5 ) f NXAV A I L  + 1 INSERT CHAI N POI NTE R. 0 0 0 1 0 5 0 0
; 0 0 0 0 7 8 5 8 5 0 C09E 0 0 0 A 4 106 L R 5 1 NXAVA I L 0 0 0 1 0 6 0 0

00 00 7C 1 8 1 5 10 7 LR R l  t R 5 0 0 0 1 0 7 0 0
0 0 0 0 7 E D20E 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 108 MVC DATA I T  EM( I T E M L E N ) , 0 ( R2)  INSERT THE DATA ITEM IN C H A I N . 0 0 0 1 0 8 0 0
0 0 0 0 8 4 D702 5C0C 500C OGOOC OOOOC 109 XC C H A I N P T R ( 3 ) fC HA IN PT R ZERO THE CHAIN P OI N TE R . 0 0 0 1 0 9 0 0
00 0 08 A 41 FO 5 OOF OOOOF 110 LA R 1 5 f  NEXT ITEM POINT TO NEXT FREE SPACE IN TA BLE . 0 0 0 1 1 0 0 0
0 0 0 0 8 E 5 0 F 0 CC9E 0 0 0 A 4 111 ST R 1 5 f N X A V A I L 0 0 0 1 1 1 0 0
0 0 0 0 9 2 1BFF 112 NOENTRY SR R l 5 f  R l 5 RETURN CODE = 0 ,  NORMAL RETURN. 0 0 0 1 1 2 0 0
0 0 0 0 9 4 07FE 113 BR R 14 0 0 0 1 1 3 0 0
0 0 0 0 9 6 41F 0 0 0 0 4 0 0 0 0 4 1 1 4 DUPL ICAT LA R1 5 14 RETURN CODE = 4 . 0 0 0 1 1 4 0 0
0 0 0 0 9 A 07FE 1 1 5 BR R1 4 D U P L I C A T E ,  SET ERROR RETURN CODE. 0 0 0 1 1 5 0 0

00 009C 00 1 1 7 FLAG DC X ' 0 ' 0 C 011 7 0 C
0 0 0 0 8 0 118 SEARCH EQU X'  80* 00 0 1 1 8 0 0
00 0 09 D 0 0 0 0 0 0
0 0 0 0 A 0 OOOOOOOG 119 WORD DC F* 0 ' £ £ £ £ 6 £ £ £ £ £ 6 £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 0 CC 11 9 00
0 0 0 0 A 4 0 0 0 0 0 0 F 8 1 2 0 NXAVAIL DC A ( C H A I N S ) £ TAB LE S,  CONSTANTS AND TEST DATA £ 0 0 0 1 2 0 0 0
00 0 0A 8 OOOOOOOOCOOOOOOO 121 HASHTAB DC 2 0 F • 0 ' £ USED BY THE DIRECT STORAGE £ 0 0 0 1 2 1 0 0
0 0 0 0 F 8 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 122 CHAI NS DC 75C * • £ ROUTINE.  (SYNONYM C HAI NI NG £ 0 0 0 1 2 2 0 0
0 0 0 1 4 3 F4 FCF0 F0F0F1 123 SEARCH2 DC C ' 4 0 0 0 0 1 ' £ V A R I E T Y ) .  * £ 0 0 0 1 2 3 0 0
0 0 0 1 4 9 F 8 F 0 F 0 F 0 F 0 F 1 E 6 F 1 12 4 ITEM1A DC C * 8 0 C 0 C 1W 12 3 45 * £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ OG0 1 2 4 0 0
0 0 0 1 5 5 F 6 F0 F 0 F 0 F 0 F 6 C 4 F 3 125 ITEM2A DC C 6 0 0 0 0 6 D  3 2 5 6 8 ' 0 0 0 1 2 5 0 0
0 0 0 1 6 1 F 4 F C F0 F 0F 0 F1 C4 F9 126 I T  EM 3 A DC 0 * 4 0 0 0 0 1 0 9 8 7 6 5 * 0 0 0 1 2 6 0 0
0 0 0 1 6 0 OCCOOO
0 0 0 1 7 0 0 0 0 0 0 0 1 4 1 2 7 F 2 0 DC F ' 2 0 ' 0 0 0 1 2 7 0 0
0 0 0 1 7 8 128 DOUBLE DS D 0 0 012  8 0 C



STORAGE AND RETRIEVAL TROUBLE ANALYSIS PROBLEM 1 PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 7 / 7 0

13 0 * £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 0 0 0 1 3 0 0 0
131 * T H I S CODE TESTS THE C H AI NI NG EXAMPLE,  I T  ADDS THREE DATA 0 0 0 1 3 1 0 0
132 * I T E M S,  ONE OF WHICH I S  A SYNONYM, AND I T  RETRIEVES ONE OF 0 0 0 1 3 2 0 0
133 * THE ITEMS JUST ADDED. 0 0 0 1 3 3 0 0
13 4 * £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ 0 0 0 1 3 4 0 0

0 0 0 1 8 0 1 3 5 CHAI NTST DS OH 0 0 0 1 3 5 0 0
0 0018 G 4 1 10 C l  43 0 0 1 4 9 1 3 6 LA R l ,  I TEM1A F I R S T  ITEM TO BE ADDED. 0 0 0 1 3 6 0 0
000  184- 4 5 F 0 C01 8 0C01E 137 BAL R 1 4 , HASHMAN# 0 0 0 1 3 7 0 0
COO 18 8 47FF C 186 0018C 138 B * + 4 ( R 1 5 ) 0 0 0 1 3 8 0 0
COO 18 C 47 FO C18C 0 0 1 9 2 13 9 B « + 6 0 0 0 1 3 9 0 0
0 0 019  C 0 007 140 DC H* 7* 'DUMP I F  I NSERT ION F A I L S . 0 0 0 1 4 C 0 0
0 0 0 1 9 2 4 1 1 0 C14F 0 0 1 5 5 141 LA R l ,  ITEM2A SECOND ITEM TO BE ADDED. 0 0 0 1 4 1 0 0
0 0 0 1 9 6 45 EC CGI 8 0 0 0 1 E 142 BAL R 1 4 , HASHMAN# 0 0 0 1 4 2 0 0
0 0 0 19 A 47EE C198 0 0 1 9E 143 B * + 4 ( R 1 5 ) OOC1 4 3 0 0
0 0 0  19 E 47 F0 C19E 0 0 1 A 4 144 B #+6 0 0 0 1 4 4 0 0
0 0 0 1A 2 0 008 145 DC H'  8 ' DUMP I F  INSERTION F A I L S . 0 0 0 1 4 5 0 0
0 0 0 1 A 4 4 1 1 0 C15B 0 0 1 6 1 146 LA R l ,  ITEM3A THIRD ITEM TO BE ADDED (SYNONYM) . 0 0 0 1 4 6 0 C
0 C 0 1 A 8 45 EO C018 00 01  E 147 BAL R14,HASHMAN# 0 0 0 1 4 7 0 0
0 0 0 1 A C 47FE Cl  A A C01B0 148 B * + 4 ( R 1 5 ) 0 0 0 1 4 8 0 0
0 00 IB  0 47F 0 C1B0 0 0 1 B 6 149 B * + 6 0 0 0 1 4 9 0 0
0C 01 B4 0 009 150 DC H'  9» DUMP I F  INSERTION F A I L S . 0 0 0 1 5 0 0 0
0 0 0 1 B 6 9 6 8 0 C 096 0 0 0 9 C 151 m FLAG,SEARCH SET SEARCH OPERATION I N D I C AT OR . 0 0 0 1 5 1 0 0
0 0 0  IB A 41 10 C 13D 0 0 1 4 3 152 LA R l  , SFARCH2 ITEM TO BE LOCATED 0 0 0 1 5 2 0 0
0 0 0 1B E 45 EO CG18 0 0 0  IE 153 BAL R 1 4 , HA SHMAN# 0 0 0 1 5 3 0 0

£  0001C 2 47 FF C1C0 00 1C6 1 5 4 B * + 4 ( R 1 5 ) 0 0 0 1 5 4 0 0
5  0 0 0  1C6 OOOA 1 5 5 DC H* 10* DUMP I F  NOT FOUND 0 0 0 1 5 5 0 0

0 001C 8 0 7 00 156 NOPR 0 0 0 0 1 5 6 0 0
CC01CA 5 8DD 0 0 0 4 0 0 C 0 4 157 L R 1 3 , 4 ( R 1 3 ) 0 0 0 1 5 7 0 0
00G1CE 98EC DOOC OOOOC 158 LM R 1 4 , R 1 2 , 1 2 ( R 1 3 ) 0 0 0 1 5 8 0 0
00 01 D2 07FE 15 9 BR R 14 0 0 0 1 5 9 0 0
0 0 0 1 0 4 160 DIRECTSV DS 18F 0 0 0 1 6 0 0 0

0 0 0 0 0 0 162 DATAITEM DSECT 0 0 0 1 6 2 0 0
0 0 0 0 0 0 163 MANNUMBR DS CL6 0 0 0 1 6 3 0 0
0 0 0 0 0 6 16 4 FUNCTION DS CL6 0 0 0 1 6 4 0 C
OOOOOC 165 CHAINPTR DS CL3 0 0 0 1 6 5 0 C
COOOOF 166 NEXTITEM OS OC 0 0 0 1 6 6 0 0
OOOOOF 16 7 ITEMLEN EQU NEXT IT EM -D AT A  ITEM 0 0 0 1 6 7 0 0
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RELOCATION DICTIONARY PAGE 1

pns. i d R E L . I D FLAGS ADDRESS 9 / 1 7 / 7 0

01 01 OC 0 0 0 0 A 4



CROSS-REFERENCE

SYMBOL LFN VALUE DEFN REFERENCES

CHAINPTR 0 0 0 03 GQGOOC 0 0 1 6 5 0 0 9 8 0 0 9 9 0 1 0 9 0 1 0 9
CHAINS 0 0 0 0 1 0 0 0 0 F 8 0 0 1 2 2 0 1 2 0
CHAINTST 0 0 0 0 2 0 0 0 1 8 0 0 0 1 3 5 0 0 81
DAT A ITEM OOGO1 0 0 0 0 0 0 0 0 1 6 2 0 0 8 2 0 0 9 6 0 1 0 8 0 1 6 7
DIRECTSV 0 0 0 0 4 0G01D4 GO 160 0 0 0 5
DIRECTTA 0 0 0 0 1 OOGOGO 0 0 0 0 1
DOUBLE 00 0C8 00G178 0 0 1 2 8 0 0 8 4 0 0 85
DUPLICAT 0 0 0 0 4 0 0 0 0 9 6 0 0 1 1 4 0 0 9 7
FNTER 000G4 G0006A 0 0 1 0 3 0 0 9 5
FLAG 0 0 0 0 1 00 0 09 C 0 0 1 1 7 0 1 0 3 01 51
FUNCTION 0 0 0 0 6 G0GÜ06 0 0 1 6 4
F 20 C0004 0 0 0 1 7 0 0 0 1 2 7 0 0 8 7
HASHMAN# 0 0 0 0 2 Ü00G1E 0 0 0 8 3 0 1 3 7 0 1 4 2 0 1 4 7 0 1 5 3
HASHTAB 0 0 0 0 4 0GG0A8 0 0 1 2 1 0 0 8 9
ITEMLEN 0 0 00 1 OGOOGF 0 0 1 6 7 0 1 0 8
IT  EMIA 0 0 0 1 2 0 0 0 1 4 9 0 0 1 2 4 0 1 3 6
ITEM2A 0 0 0 1 2 0 0 0 1 5 5 0 0 1 2 5 01 41
ITEM3A 0 0 0 1 2 0 0 0 1 6 1 0 0 1 2 6 0 1 4 6
LOOPIT GOO 06 000C4C 0 0 0 9 6 0 0 9 3 0 1 0 2
MANNUMBR 0 0 0 0 6 0 0 0 0 0 0 GO 163 0 0 9 6 0 096
NEXTITEM 0 0 0 0 1 Ou OGGF 0 0 1 6 6 0 1 1 0 0 1 6 7
NOENTRY 0 0 0 0 2 GCC092 0 0 1 1 2 0 1 0 4
N XAVAI L G00Q4 0 0 0 0 A 4 0 0 1 2 0 0 1 0 5 0 1 0 6 0 1 1 1
RO 0 0 0 0 1 OCGOOO 0GC64 0 0 8 6 0 0 8 6 0 0 8 7 00 8 8

t R1 0 0 0 0 1 0 0 0 0 0 1 0CC65 0 0 8 3 0 0 8 4 0 0 8 5 0 091
RIO 0 0 0 0 1 OOOGGA 0 0 0 7 4
R l l 0 0 0 0 1 OOOOOB 0 0 0 7 5
R 12 0 0 0 0 1 OOOOOC 0 0 0 7 6 0 0 0 2 0 0 0 3 0 0 0 4 0 1 5 8
R 13 0 0 0 0 1 GOGOOD 0 0 0 7 7 0 0 0 2 0 0 0 6 0 0 0 7 0 0 0 8
R 14 0 0 0 0 1 OOGGOE 0 0 0 7 8 0 0 0 2 0 1 1 3 0 1 1 5 0 1 3 7
R 15 0 0 0 01 GGCOOF G0079 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0 8
R2 0 0 0 0 1 GOGO 02 0 0 0 6 6 0 0 8 3 0 0 9 6 0 1 0 8
R? 0 0 0 0 1 000  00 3 0 0 0 6 7
R4 0 0 0 0 1 0 0 0 0 0 4 G0068
R 5 0 0 0 0 1 00G0Ö5 G00 69 0 0 8 2 0 0 8 9 0G90 0 0 91
R6 0 0 0 0 1 0 0 0 0 0 6 0 0 0 7 0
R 7 0 0 0 0 1 0 000G7 0 0 0 7 1
R8 0 0 0 0 1 C0CGC8 0GG72
R9 0 0 0 0 1 0 0 0 0 0 9 0 0 0 7 3
SEARCH 00G01 0 0 0 0 8 0 0 0 1 1 8 0 1 0 3 0 1 51
SEARCH2 0 0 0 0 6 C0G143 0 0 1 2 3 0 1 5 2
WORD 0 0 0 0 4 0 0 0 0 AO 0 0 1 1 9 G099 0 1 0 0

0 0 9 0
0 0 92 0 0 9 2 0 1 0 0 0 1 01 0 1 0 1 0 1 0 7 0 1 3 6 01 41 0 1 4 6

0 0 0 9 0 0 0 9 0 1 5 7 0 1 5 7 0 1 5 8
0 142 0 1 4 7 0 1 5 3 0 1 5 8 0 1 5 9
0 1 1 0 01 1 1 0 1 1 2 0 1 1 2 0 1 1 4 0 1 3 8 0 1 4 3 0 1 4 8 0 1 5 4

0 0 9 4 0 0 9 4 0 0 98 0 1 0 5 0 1 0 6 0 1 0 7

NO STATEMENTS FLAGGED I N  TH IS  ASSEMBLY 
^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N )  = 182
* OPTIONS I N EFFECT*  L I S T ,  NODECK, LOAD,  NORENT, XREF,  NOTEST,  ALGN, GS, L INECNT = 

2 4 6  PRINTED L IN E S

PAGE 1 

9 / 1 7 / 7 0

0 1 5 2

55
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F4 4 - LEVEL L INKAGE EDITGR OPTIONS S P E C I F I E D  MAP, L E T , L I  ST * NCAL 
VARI AB LE  OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 ) -  

IENOOOO ENTRY U T I L I T Y
DEFAULT OPT I ON( S ) USED

MODULE MAP

CONTROL SECTION ENTRY

NAME O RI G I N  LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME

DIRECTTA 00 21C
U T I L I T Y  220 5A0

PRI NT  28 2  PCHKRETN 4DE

ENTRY ADDRESS 220
TOTAL LENGTH 7C0

* * * * G 0  DOES NOT E X I S T  BUT HAS BEEN ADDED TO DATA SET

LOCATION
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F . P REGS 0 0 . 0 1 0 9 7 4  OGCOOOOO 0 0 . 0 0 0 0 0 0  0 2 0 0 0 0 0 0 F F . 2 E E 4 6 2  C9C5E6D3 4 0 . 4 0 4 0 4 0  0 0 0 1 DC34

REGS 0 - 7  0 0 0 00 0 3 C  0 0 0 0 0 0 0 0  0 0 0 6 4 9 8 3  0 0 0 0 0 0 0 0  00 01A2EG 0 0 0 6 4 9 2 5  0 0 0 1 D 8 5 0  0 0 0 1 B 5 0 8
REGS 8 - 1 5  0001D7BG 0 0 0 0 0 0 0 0  0 0 0 1 D 7 0 8  0 0 0 0 0 0 0 0  6 F 0 6 4 8 4 6  0 0 0 6 4 A 1 4  9 F 0 6 4 A 0 2  0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 8 4 0 0 0 0 0 0 0 0 0 FF 06 0 0Ü 0 8 0 0 0 0 0 0 0 *  . . .  . • • *
0 0 0 0 2 0 FF 0 4 0 0 0 3 4 0 0 0 6 A 3  E F F A 5 00 0 1 4 F 0 6 4 A 0 8 OOOOFFOO 0 0 0 0 0 0 0 0 F F A 5 02 3 3 8 F 0 6 4 A 7 8 *  . . . . . . *
0 0 0 0 4 0 0 0 0 0 1 3 6 0 0 8 0 0 0 0 0 0 0 0 0 0 1 3 5 8 0 0 0 0 5 9 2 0 0 2 C 0 3 6 A 4 0 0 0 0 9 9 6 C C004 00G0 0 0 0 0 7 4 9 8 *  . . .  .
C 00 0 60 0CG4000G 00 00 7B C 8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D 1 0 C00400G0 0 0 0 0 7 5 1A *  . . .  .

0 6 4 8 4 0 90ECD00C G5CC41F0 C1CE50DF 00045GFD Ü 008 18D F D 70 3 D0 08 D 0 0 8 4 7 F 0 C 1 7 A 1 8 2 1 £ . . .  .
0 6 4 8 6 0 F 2 7 5C 1 7 2 1 0 0 0 4 E 1 0 C 1 7 2 1 B 0 0 5D00 C16A 8 9 0 0 0 0 0 2 4 150C0A2 1 A5G5815 0 0 0 0 1 2 1 1 * 2 .  A .
0 6 4 88 C 4 7 7  OC 046 4 1 5 5 0 0 0 1 4 7 F 0 C 0 6 4 0 5 0 5 5 0 0 0 2 0 0 0 4 7 8 0 C 0 9 0 4 1 50 5C0CD202 C0 9B 5 00 C *  . . . . ❖
0 6 4 8 A 0 5 8 1 0C 09A 1 2 1 1 4 7 7 0 C 0 4 6 9 1 8 0 C 09 6 4 7 1 0 C08CD202 5 000C 09 F 58 50C 09 E 1 8 1 5D 2 0 E *  . . . . , K • *
0 6 4 8 C 0 50GG20GG D 7 02 5 00 C 500C41FC 500f=50F0 C09E1BFF 0 7 F E 4 1 F 0 0 0 0 4 0 7 F E 8 0 0 0 0 0 0 0 . . . , . . *
0 6 4 8 EC 0 0 0 0 0 0 0 0 0 0 G6 4 9 6 5 OOCCOOOO 0 0 0 6 4 9 3 8 • OOOOOOCO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 9 5 6 ❖ . . « . *
0 6 4 9 0 0 00C0ÜQ0G OOGOGOOO OCOOOOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 4 9 4 7 # . . . .
0 6 4 9 2 0 0 OOGOOGO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CGOOOOOC 0 0 0 0 0 0 0 0 COOOOOOO F 8 F0 F 0F 0 F 0 F 1 E 6 F 1 $ . . . .
0 6 4 9 4 0
0 6 4 9 6 0

F 2 F3 F 4 F 5
F6 F 5 0 0 G 0

0 0 0 0 0 0 F 6
0C4G4040

FOFOFOFO
4 0 4 0 4 0 4 0

F6 C4 F3 F 2
4 0 4 0 4 0 4 0

F 5 F 6 F 8 0 0
4G4Q4G40

0 0 0 0 F 4 F 0
4 0 4 0 4 0 4 0

F 0 F0 F 0F 1
4 0 4 0 4 0 4 0

C 4 F 9 F8 F 7
4 0 4 0 4 0 4 0

* 2 3 4 5  
* 6 5 .  .

. . . 6 0 0 0 0 6 0 3 2 5 6 8 , . . • 4 0 0 0 0 1 D 9 8 7 *  
*

0 6 4 9 8 0 4C4G4GF 4 FOFOF OF 0 F1 F8F 0F Ü FCF0F1E6 F 1 F 2 F 3 F 4 F 5 F 6 F 0 F 0 F0 F0F 6C 4 F 3 F 2 F 5 F 6 *  4 0 0 0 0 1 8 0 Ü 0 0 1 W 1 2 3 4 5 6 0 0 0 0 6 D 3 2 5 6 *
0 6 4 9 A 0 F8F4FGFC FO FO F 1C 4 F 9 F 8 F 7 F 6 P 5 0 0 0 0 0 0 0 0 0 0 0 0 1 4 5000D2 07 COOOOOOO 0 4 1 2 0 3 5  C * 8 4 0 0 0 0 1 0 9 8 7 6 5 , . . *
06 49 C0 41 1GC143 4 5 E 0 C 0 1 8 47 F FC 1 86 47 F0 C1 8 C 0 0 0 7 4 1 1 0 C 1 4 F 45 E 0 C 01 847F F C 1 9 8 4 7 F 0 *  . . A.
0 6 4 9 E 0 C19E0GG8 4 1 1 0C 15 B 45E0C01Ö 4 7 F F C 1A A 4 7 F0 C 1 B 0 CO0 9 9 6 8 0 C 0 9 6 4 1 10 C13D4 5E 0 * A  • • • , . . *
06 4A00 C 0 1 8 4 7 F F C1C0GG0A 0 7 0 05 8 DD 0 0 0 4 9 8  EC D00C07FE 9 2 6 B 5 0 0 0 C0070F 68 0 0 0 0 0 0 0 0 * .  . . . , . . *
0 6 4 A 2 0 4 7 F 0 9 4 0 E 1 2 3 3 4 7 8 0 9 4 2 6  IB 11 1 6 1 3 4 1 0 6 0 0 0 0 0 A 4 E 5 8 F 0 7 0 3 C 9 1 0 4 F 0 8 9 4 7 8 0 9 4 2 6 * . 0 .  . , . . *
0 6 4 A 4 0 4 1 5 0 5 0 1 E 5 8 F C G0 10 58F0F03C 9 1 0 8 F 0 8 9 4 7 8 0 9 4 6 C 5 8 3 0 4 1 3 8 1 2 3 3 4 7 8 0 94 6  C l  211 *  . .  . .

ooo , . . *
0 6 4 A 60 90ECDG0C 05 C 004 F0 0 7 0 0 4 1 1 0 C 0 1 0 0 5 1 1 0 F 06 4 B G 4 7FFF0A0E 58 B0 001 G 911  OB 07 4 *  . . . . *

-  0 6 5 0 2 0 4A009BDE 4 0 0 5 0 0 0 0 4 7 F 0 9 5 C 6 4 86  09 BEE 8 A 6 0 0 0 0 1 47 7 C9 69 E 486G9C26 4 1 6 6 0 0 0 1 * .  . . . , . . *

************************************************************************************************************************
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ssssssssss TT TT TTTTTTTT OOOCOOCCCCCC RR RRRRRRRRR T T TT TTT TT TT T a a a a a a a a a a 2 2 2 2 2 2 2 2 2 2
ssssssssssss TT TT TTT TT TT T GOGO0 0 0 0 0 QOO RRRRRRRRRRRR TTTT TTT TT TT T AAAAAAAAAAAA 2 2 2 2 2 2 2 2 2 2 2 2
SS SS TT 00 00 RR RR TT AA AA 22 22
SS TT 00 00 RR RR TT AA AA 22
sss TT 00 00 RR RR TT AA AA 22
sssssssss TT 00 0 0 RRRRRRRRRRRR TT AAAAAAAAAAAA 22
sssssssss TT 00 00 RRRRRRRRRRR TT AAAAAAAAAAAA 22

sss TT 00 00 RR RR TT AA AA 22
SS TT 00 00 RR RR TT AA AA 22

SS SS TT 00 00 RR RR TT AA AA 22
SSSSSSSSSSSS TT 0 0 0 0 0 0 0 0 0 0 0 0 RR RR TT AA AA 2 2 2 2 2 2 2 2 2 2 2 2
SSSSSSSSSS TT ooocoooooooo RR RR TT AA AA 2 2 2 2 2 2 2 2 2 2 2 2

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
99  99
9 9  99
99 99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99 
99

99  99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9

* * £  * * * * * * * * * * * * *  * * * # * * * : « £  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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EXTERNAL SYMBOL D ICTIONARY
SYMBOL TYPE ID ADDR LENGTH

BINARY SD 01 GCCGQG 0G0 470
LOCELEM ER 02
PRINT ER 03
LOCELEM SD 04 GG0470 0 0 0 0 4 0

PAGE I  
1 2 . 2 0  9 / 1 7 / 7 0
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LSI
i o o o o o o o o o o o o
> o o o o o o o o o o o o
> o o o o o o o o o o o o
> o o o o o o o o o o o o
1 1—•t—1 HM H-* H-* o o o o o o O
» o 00 00 .p ro m ï> O' O ' -p o O
' 4" -p -P u i -p UI o 'O
. H-* h-* I—* 00 o H-* o Ui o
1 U1 O' -4 a x X o 03 m
1 O o o T ! o O o o o

O o 00 o CD 00 o
t—•o t-M o o o o
00 o -4 o > > o
o o O' 00 O' > o

o o o o o o o
o o o o o o o
HM o H-> o o o o
00 o ->l o > 03 o
o o o 00 o o o

OJ OJ OJ OJ OJ OJ OJ OJ OJ IX IX IX IX IX rx rx IX IX IX HM HM HM HM HM HM HM HM hm
00 -J O' UI -p OJ f\J t—1 o 'O 00 -s! O' UI 4 - OJ rx *-* o v£> -X O' UI -p' OJ IX HM o vO 00 -4 o UI UJ r\j

•H 03 ft ft ft * ft X ft ft ft ft ft ft ft ft ft ft ft ft ft ft ft
o hm co PO ■Ti­
XI X co PO X ft
OJ > PO po * ft

70 Co po •Ti­
< O PO ft

po po * -Ti­
PO po ■ft ft
po po ■ft ■Ti­

r” r* o r~ r~ co n 00 c 03 00 CD po O X p* •H po ■ft 73 73 H H > X X 2 > > HM -H ft
> > 00 > X H j> -H 00 > H 00 P0 a a > X po ■ft m 70 X X 00 c > > X 2 ISJ X ft

HM r - 2 X po 2 73 z HH po ■ft 2 a m m H 2 < CD » HM ■Ti­
2! 70 o po 73 CD 00 PO •ft o CD m o HM 2 c 00 03 oo ft
CD H PO hm •< c PO -ft < X X SL X -H 2 2 1 -< ft

PO r~ o > 73 PO •ft m J> X CD HM HM <D X m 00 -H X ft
&) £J o a ) SJ 33 0) 03 33 Ê> *• po m cz CD 73 po o 2 o X 00 o o 2 -< m o ■Ti­
VJ1 O' X o X X O hm 00 m po 70 73 IX O PO * •* CD o X 2 H c : — 1 H cz ft
«• M «. -. m M z ■« >• P0 • • <D po •ft a X 00 co X H 00 m m H ft
OJ H-* — 1 e.) 00 &> 6) > 33 0) PO O 73 PO -ft o o J> X m HM r* HM •Ti­
00 vO > X MM 00 00 70 o o po o H > po ■ft 73 m 2 • MM a 2 MM X m 2 ft
-p I\J 03 o > > -< ■* po X 2 po •ft oo — 1 ft X 00 m HM c 2 m ft

r - *. < < + H- po < m PO ■ft o 2 HM X v -1 > H 2 m ■Ti­
m 03 o O O rx PO IX s : co ■ft X • 00 HM HM 2 s : o 2 X fta o o O po 2 o > po -ft > -H 2 00 •SL a m HM s : — 1 — 1 m ft

— IX IX o &) PO >—i O 00 PO * 2 M HM 2 r* HM HM 03 X ft
+ o a PO m 2 PO * o s : H 00 P“ X r* r~ a •M X ft
-p o — PO z 2 X PO ■ft m a X r* a c r~ 2 a ft

+ co o m 73 PO ■ft o X a: o X 2 H . s: X ft
o po m 2 hm PO •ft TC o c CD o X X X 2 ■Ti­
o po •* H H PO ■ft ■H. X p* m ■HH m > > HM 00 ft
o po 00 -H po * n X o X HM 2 cn o ft
o po > m po ■ft 3Z HM X m a 00 00 X > ft
o po z O 2 PO ■ft CD X 2 X X 2 o c ft
o po o z PO ■ft CDMM CD X HM m • o H 03 CD 03 ft
M po HM po ft 73 CD HM 2 n X X o HM ft

00 ej po £ H 2 po 73 X H 2 ■Hm HM > X o 2 2 ft
T l m CD po m X po •Ti­ m a — 1 m 2 X m c H > ft
o •H co 70 m > PO ft o MM o « o m CD m ■H > X ft
X po m PO ft H 2 > 2 HM HM M» HM HM -< ft

c po •—( X PO ft 00 -c s : HM H H 2 2 2 ft-H X PO z 2 HH po ft H — 1 . HM 2 . > H m 00 ft
X po o 00 CD PO ft X X f“ 00 X X o > m ft
m H PO — 1 -1 X po ft m c X r~ H HM hm -< HM > ft

X po 73 t po ft o r* m X 2 — 1 oo X X ft
03 m po > c : r* po ft X — 1 m 03 3> o 00 X c CD ft
•“ 1 po O m PO ft X HM > m o HM oo m m c r X ft
z HM po X H < PO ft o o 00 . — 1 > 00 r - ft
> z PO c <—i m po ft 03 2 m X HM X 2 m 1 a ft

hm po 2 O i— PO ft 1“ —» X HM CD -H CD > o s : 2 ft
-< -H PO O Z po ft m C/3 X HM 2 > •4 X a ft

HM PO H 00 PO ft 2 HM 2 2 2 H X > ft
00 > PO CH CD po ft . 2 H o 2 HM X a o ft
m r~ PO a s : O po ft 2 o m o o H o X ■H ft
> po z m 2 po ft m o X H X o X > > ft
73 X po 73 73 po ft m o X s c > X 03 ft
o > po o m mm PO ■Ti­ o c .X 00 HM H H 00 CD r~ ft
X po X r po ft *H cz o m r - X HM 00 c rr ft
• > po > m po ft — 1 2 H r- m 2 2 ft

2 PO — 1 O 73 PO ft o s: X X IX oo m o ft
m PO X a PO ft X o a a X m • m 2 X ft
— 1 PO m rr, po ft ÜD -< X X c X r~ > — 1 ftix po a po ft m •Hm 2 HM m X O' ft
X PO po ft — 1 c X o 2 2 X o > OJ ft
00 po po •Ti­ > X 2 > M -1 m m X 2 ft

po po ft o IX > — 1 2 ü ft
po po ft o -1 HM 00 •H H fto o o a o o o o o po po ■Ti­ m m o X ■Ti­o o a o c o o o o po PO ft a r~ 2 m ft

OJ OJ i\j r\j (X IX IX IX rx po PO ft -< ft
r\j h-1 O' O' O' O' O' O' O' po po ft ft

PO po ft X
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DATA STORAGE AND RETRIEVAL T/A PROJECT 2 PAGE 2

LOC OBJECT CODE A DDR 1 ADDR2 STMT SOURCEi STATEMENT' F 0 8A PR 70 9 / 1 7 / 7 0

45 ❖ # * * *  *  * *  ajs *  *  *  *  * *  * * * * * * * * * * * * * * * * * * *  *  * 0 C 0 0 4 5 0 0
46 * THI S I S  THE B EGINNI NG OF THE BINARY SEARCH ROUTINE. 0 0 0 0 4 6 0 0
47 * I T  WILL LOCATE THE DATA PORTION OF THE ITEMS WHOSE 0 0 0 0 4 7 0 0
4 8 * ARGUMENT VALUE I S  RETURNED IN REGISTER 1 BY THE C 00 C4 8 00
49 ❖ • LOCELEM'  SUBROUTINE, 0 0 0 0 4 9 0 0
50 ❖ *  * * *  *  * * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *  * 0 0 0 0 5 0 0 0

C0002E 1BFF 51 SR 3 F , 3 F ZERO THE LOOP COUNT 0 0 3 7 0 0 0 0 5 1 0 0
0 0 0 0 3 0 50 FO BCF6 OOOFC 52 ST 3 F ,  I 0 0 3 7 0 0 0 0 5 2 0 0
0 0 0 0 3 4 5 8 F0 1 0 0 0 0 0 0 0 0 53 3 D0 9 F7 L 3 F , G ( 0 , 3 1 ) GET THE SEARCH ARGUMENT 00 38 0 0 0 0 5 3 0 0
0 0 0 0 3 8 5 9 ^ 0 5 0 0 0 0 0 0 0 0 54 C 3 F , 0 ( 0 , 3 5 ) DOES I T  EQUAL THE TABLE ARG. ? 0 0 3 8 0 0 0 0 5 4 0 0
0 0003C 4 7 8 0 BC7C 0 0 0 8 2 55 BC 0 8 , FOUND YES,  PRINT THE FUNCTI ON. 0 0 39 0 0 0 0 5 5 0 0
0 0 0 0 4 0 4 7 4 0 8 042 0 0 0 4 8 56 BC 0 4 , STEP NO, GO LOOK HIGHER I N  T AB LE . 00 41 0 0 0 0  56 00
0 0 0 0 4 4 13F6 57 LCR 3F , 36 SET UP TO LOOK LOWER I N  TABLE 0 0 4 2 0 0 0 0 5 7 0 0
0 0 0 0 4 6 1 86F 58 LR 3 6 , 3F 00 42 0 0 G 0 5 8 0 0
0 0 0 0 4 8 18F6 59 STEP LR a)F , 36 GENERATE 0 0 4 3 0 0 0 0 5 9 0 0
G0004A 1A5F 60 AR 3 5 , 3  F THE NEXT 0 0 4 3 0 0 0 0 6 0 0 0
0 0 0 0 4 C 18F6 61 LR 3 F , 36 ADDRESS 0 0 4 4 0 0 0 0 6 1 0 0
0 0 0 0 4 E 1 OFF 62 LPR 3 F , 3 F OF AN ITEM 0 0 4 4 0 0 0 0 6 2 0 0
0 0 0 0 5 0 8 AFO 0 0 0 1 0 0 0 0 1 63 SR A 3 F , 1 TO COMPARE 0 0 4 4 0 0 0 0 6 3 0 0
0 0 0 0 5 4 1 86F 64 LR 3 6 , 3  F IN THE T AB LE . 0 0 4 4 0 0 0 0 6 4 0 0
0 0 0 0 5 6 5 8FG B0FÓ OOOFC 65 L 3 F , I BUMP THE LOOP COUNT BY 1 . 0 0 4 5 0 0 0 0 6 5 0 0
C 0 0 0 5 A 4 AFO B096 0009C 66 AH 3 F , 3 D 1 0 0 4 5 0 0 0 0 6 6 0 C
0 0 0 0 5  E 50FC B0F6 OOOFC 67 3DG9F6 ST 3F , I 0 0 45 CG00 6700
0 0 0 0 6 2 4 9 F0 B 09 8 00 09E 68 CH 3 F , 3 D 2 LOOPED THE REQUIRED T I MES ? 0 0 4 5 0 0 0 0 6 8 0 0

^ 0 0 0 0 6 6 47C 0 B02E 0 0 0 3 4 69 BC 1 2 , 3 D0 9 F7 NO, CONTINUE SEARCHHING. 0 0 4 5 0 0 0 0 6 9 0 0
N> 70 * *  * ❖ *  # * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *  * 0 0 0 0 7 0 0 0

71 * NO MATCH FOUND, PRINT A L I N E  OF A ST E RI S K S. 0 0 0 0 7 1 0 G
72 ❖ *  * * *  *  * * * * * * * * *  * * * * * * * * * * * * * * * * * * ^  T T 0 0 0 0 7 2 0 0

0 0 0 0 6 A D207 BOFB BOEE 0 0 1 0 1 0 0 0 F 4 73 M VC OUT AREA + 1 ( 8  ) , ASTERISK 0 0 4 6 0 0 0 0 7 3 0 0
0 0 0 0 7 0 41 1 0 BCFA 0 0 1 0 0 74 LA 3 1 , OUTAREA 0 0 4 6 0 0 0 0 7 4 0 0
0 0 0 0 7 4 5 8F0 B09E 0 0 0 A 4 75 P R I N T I T L 3 F , 3V3 ADDRESS OF PRINT 0 0 4 6 0 0 0 0 7 5 0 0
0 0 0 0 7 8 05 EF 76 BALR 3 E , 3 F 0 0 4 6 0 0 0 0 7 6 G 0
0 0 0 0 7  A 9 2 4 0 BOFA 0 0 1 0 0 77 MV I O U T A R E A , C  ' S INGLE SPACE FROM HERE ON OUT 0 0 4 6 0 0 0 0 7 7 0 0
G0007E 47F 0 B012 0 0 0 1 8 78 BC 1 5 , T0P3 0 0 4 7 0 0 00 78 0 G

79 * *  * * # # * * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *  * 0 C 0 0 7 9 0 0
80 MATCH FOUND, PRINT THE FUNCTION PORTION. GO0 0 8 0 0 0
81 $ *  * * *  *  * * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *  * 0 0 0 0 8 1 0 0

0 0 0 0 8 2 41 FO 5 0 0 8 0 0 0 0 8 82 FOUND LA 3 F , 8 ( 0 , 3 5 ) 00 48 0 0 0 0 8 2 0 0
0 0 0 0 8 6 D207 BOFB FOOO 0 0 1 0 1 0 0 0 0 0 83 MVC OUT AREA + l ( 8  ) , 0 (  3F) 0 0 4 8 0 0 0 0 8 3 0 0
0G008C 47F0 BC6E 0 0 0 7 4 84 BC 1 5 , P R I N T I T GO PRINT THE L I N E . 0 0 4 8 0 0 0 0 8 4 0 0

85 $ *  * * *  *  * * * * * * * * *  * * * * * * * * * * * * * * * * * ❖ *  *  * 0 0 0 0 8 5 0 0
86 ❖ TODAY IS A N I CE  DAY SO I ' M  GOING TO GIVE YOU A DUMP, JUST IN GOO 0 8 6 0 0
87 * CASE YOU MIGHT WANT ONE TO HELP DEBUG THE PROGRAM. 0 0 0 0 8 7 0 0
88 ❖ * * *  # * * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *  * 0 0 0 0 8 8 0 0

0C0C90 00 00 89 3 E L 0 2 DC H* 0 ' 00 51 0 0 0 0 8 9 0 0
0 0 0 0 9 2 5 8 DO D 004 0 0 0 0 4 90 L 3 D , 4 ( 0 , 3 D ) 0 0 0 0 9 0 0 0
0 0 0 0 9 6 98 EC DGOC OOOOC 91 LM 3 E , 3 C , 1 2 ( 3 D ) 0 0 51 0 0 0 0 9 1 0 0
00 00 9A 07 FE 92 BCR 1 5 , 3E 0 0 5 1 ÜÜ0G92 GO
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BINARY

£ * * * A l * * * * * * * * *
*  START BINARY *
*  SEARCH. *
*  # # * * * * * * * * * * * * * *

T0P3 V* * * * *  B1 * * * * * * * * * *  
*  *  
« I N I T I A L I Z E  FOR *
*  SEARCH-.
«
*
* * * * * * * * * * * * * * * * *

3 D 0 9 F 7
*****A2********** ^  *
*GE T THE SEARCH *  

+— > *  ARGUMENT.  *  
❖ *
« *
* * * * * * * * * * * * * * * * *  

£ * * *  I
*  *  )
*  A2 *  I
« *  I

* * * *  I

NO__< . *  
*  < - -  + +—  *  .
*
«

. *
B2

V
. * .

* .

***** Q**********
*LOCEL EM ** _ * _  * _ * _ * _ * _ * _ * _ *
*  GET SEARCH *
*  ARGUMENT. *
* * 
*****************

V
. * .

D1 * .
5{c jjc

. * ’  GET AN #* .  YES 
* .  AP GUMENT ? . *  - -  +

F I ND  A * .  YES
MATCH ? . * ------

* .  . *
* . . *

* .  . *
*  NO_>

* *
*  SET UP FOR *

*  BACKWARD *
*  SEARCH. *

« ************

* .
. *

* . . *
NO

V* * * *
*  *
*  A2 **  • *  

* * * *

V* * * *  E i * * * * * * * * *
* TAKE A STORAGE *
*  DUMP. *
*  * 

***************

STEP V
* * * * * q 2 * * * * * * * * * *  
*  *
*  GENERATE NEW *
«TABLE ADDRESS.  *
* *
* *
*****************

V
. * .

E2 *  .
• *

NO .«LOOP ENOUGH*.  
+ —  * .  T IMES ?

* .  . *
* . . *

* .  . *
*

YES * -------- +.

CHART 3 INARYTA 
PAGE 001 OF 0 0 1

*** **g3********** 
* *
*  MOVE THE ITEM *  

> * T 0 PRINT AREA. *
*  * 
*  *  
*****************

* * * « * C 3  * * * * * * * * * *  
*  *  
«MOVE ASTERISKS *  

> * T 0  PRINT AREA.  *  *  *  
*  *  
* * * * * * * * * * * * * * * * *

LOCEL EM

* * * * / \ 4 * * * *  * * *  * *
«LOCATE ELEMENT *
*  R O UT IN E .  *
* * 

***************

V* * * * * £ 4* * * * * * * * * *  
« P RI NT  **_*_*..*_*_*_*_*_* 

> *  P RI NT  A L I N E  *
*  FROM P R I N T *
*  AREA.  ** * * * * * * * * * * * * * * * *

V* * * *
*  *
*  B1 *
*  *  

* * * *

*****A5********** 
*  *  
« I N I T I A L I Z A T I O N  *  

•>*  AND *
*  HOUSEKEEPING.  *
*  *  
* * * * * * * * * * * * * * * * *

V

B5 * .
*  *

NO . « *  ANY ’ * .
+—  * .  ARGUMENTS . *  

* .  LEFT ? . *
* .  . *

* .  . *
*  YES

SOMELEFT V* * * * * C 5 *  * * * * * * * * *  
*  *  
«SET UP ARGUMENT*
*  ADDRESS.  *
*  *  
*  *  
* * * * * * * * * * * * * * * * *

+

+ — ---------^ ---------+

V* * * * * * 5 *  * * * * * * * * *
*  *
*  SET UP DUMMY *
*  ARGUMENT *
*  ADDRESS ( 0 )  . *
*  *
* * * * * * * * * * * * * * * * *  

< ----------------

RETURN
V* * * * E 5 * * * * * * * * *

* RETURN TO *
* M A I N L I N E *
* R OU TI N E. *

* * * * * * * * * * * * * * *
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DATA STORAGE AND RETRIEVAL T/A PROJECT 2 PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A PR 7 0  9 / 1 7 / 7 0

0 0009C 116 3DATA1 EQU * 0 0 0 1 1 6 0 0
0 0 0 0 0 0 1 1 7 30 EQU 00 EQUATES FOR REGISTERS 0 - 1 5  0 0 0 1 1 7 0 0
0 0 0 0 0 1 118 31 EQU 01 0 0 0 1 1 8 0 0
0 0 0 0 0 2 119 32 EQU 02 0 0 0 1 1 9 0 0
0 0 0 0 0 3 120 3 3 EQU 03 0 0 0 1 2 0 0 0
0 0 0 0 0 4 121 34 EQU 0 4 0 0 0 1 2 1 0 0
0 0 0 0 0 5 122 35 EQU 05 0 0 0 1 2 2 0 0
0 0 0 0 0 6 123 36 EQU 0 6 0 0 0 1 2 3 0 0
0 0 0 0 0 7 1 2 4 3 7 EQU 07 0 0 0 1 2 4 0 0
0 0 0 0 0 8 12 5 38 EQU 08 0 0 0 1 2 5 0 0
0 0 0 0 0 9 126 3 9 EQU 09 0 0 0 1 2 6 0 0
0 0 0 0 0 A 127 3 A EQU 10 0 0 0 1 2 7 0 0
0 0 0 00 B 128 3 B EQU 11 0 0 0 1 2 8 0 0
OOOOOC 129 3C EQU 12 0 0 0 1 2 9 0 0
OOOOOD 13 0 3D EQU 13 0 0 0 1 3 0 0 0
OOOOOE 131 3E EQU 14 0 0 0 1 3 1 0 0
OOOOOF 132 3F EQU 15 0 0 0 1 3 2 0 0
0 0009C 0001 133 3D1 DC H'  1» 0 0 0 1 3 3 0 0
0 0 0 09 E 00 05 13 4 3D2 DC H« 59 0 0 0 1 3 4 0 0
OOOOAO OOOOOOGO 135 3 V 2 DC V(LOCELEM) 0 0 0 1 3 5 0 0
0 0 0 OA 4 OOOOOOGO 136 3V3 DC V { PR INT ) 0 0 0 1 3 6 0 0
0 0 0 0 A 8 137 DS OF 0 0 0 1 3 7 0 0
0 0 0 0 A 8 138 DS OD OOC1 3 8 0 0
0 0 00 A 8 139 3DATA EQU * 0 0 0 1 3 9 0 0

->OOOOAC 140 3S AV002 EQU 3 D A T A + 0 0 0 0 0 0 0 4 72  B Y T E ( S ) ON WORD 0 0 0 1 4 0 0 0
S Q 0 0 0 F 4 141 ORG 3 D A T A + 0 0 0 0 0 0 7 6 0 0 0 1 4 1 0 0

0 0 0 0 F 4 142 ASTERI SK EQU * 8 BYTE( S ) 0 0 0 1 4 2 0 0
0 0 0 0 F 4 5C 5C5C5C5C5C 5C5C 143 DC c * * * * * * * * * » 0 0 0 1 4 3 0 0
OOOOFC 1 4 4 Ï EQU 3 D A T A + 0 0 0 0 0 0 8 4 FULLWORD INTEGER 0 0 0 1 4 4 0 0
0 0 0 0 A 8 1 4 5 ORG 3DATA 0 0 0 1 4 5 0 0
0 0 0 0A 8 146 DS 0 0 0 0 0 0 8 8 C 0 0 0 1 4 6 0 0
0 0 0 0 1 8 147 3 CL 9 F1 EQU TOP 3 0 0 0 1 4 7 0 0
0 0 0 1 0 0 F 1 4 0 4 0 4 0 4 0 4 0 4 0 4 G 1 4 8 OUTAREA DC C L 1 2 1 ' 1* 0 0 0 1 4 8 0 0
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DATA STORAGE AND RETRIEVAL T/A PROJECT 2.

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

0 0 0 2 9 0 0 0 0 0 0 1 1 4 2 0 4 DC F • 2 7 6 ’
C 00294 C4D6D5 E3 40E4E2C5 205 DC C L 8 • DONT USE'
00 0 29 C 0 0 0 0 0 1 2 0 2 0 6 DC F» 2 8 8 '
0 0 0 2 AO C 4D6D5E340E4E2C5 20 7 DC C L 8 ' DONT USE'
0 0 0 2 A 8 0 0 00 0 1 2 C 2 0 8 DC F '  3 0 0 '
0 0 0 2 AC C4D6D5 E3 40E4E2C5 209 DC CL8 * DONT USE'
0 0 0 2 B 4 0 0 0 0 0 1 3 8 21 0 DC F ' 3 1 2 '
0 0 0 2 B 8 C4D6D5E 340E4E2C 5 211 DC C L 8 ' DONT USE'
0 0 0 2C 0 0 0 0 0 0 1 4 4 212 DC F ' 3 2 4 '
0 0 0 2 C 4 C4D6D5E340E4E2C5 213 DC C L 8 ' DONT USE'
0002CC 0 0 0 0 C 1 5 2 2 1 4 DC F 1 3 3 8 '
0 0 0 2D 0 E2C8 D6 E 4D 3C44040 2 15 DC C L 8 ' SHOULD*
0002D8 0 0 0 0 0 1 5C 2 1 6 DC F ' 3 4 8 '
0002DC C4D6D5E34GE4E2C5 217 DC C L 8 ' DONT USE'
0 0 0 2 E 4 0 0 0 0 0 1 6 8 21 8 DC F ' 3 6 0 '
0 0 0 2 E 8 C4D6D5E340E4E2C 5 2 1 9 DC C L 8 • DONT USE'
0 0 0 2 F 0 0 0 0 0 0 1 7 4 22 0 DC F ' 3 7 2 '
0 0 0 2 F 4 C 4D6D5E340E4E2C5 221 DC C L 8 • DONT USE*
0002FC 0 0 0 0 0 1 8 0 222 DC F '  384»
0 0 0 3 0 0 C4D6D5 E340E4E2C5 2 2 3 DC CL 8 ' DONT USE'
0 0 0 3 0 8 G000018C 2 2 4 DC F • 3 9 6 '
00 03 0C C4D6D5 E3 40E 4E 2C5 2 2 5 DC CL 8 ' DONT USE'
0 0 0 3 1 4 0 0 0 0 0 1 9 8 2 2 6 DC F ' 4C8 *
0 0 0 3 1 8 C4D6D5 E3 40E 4E 2C5 2 2 7 DC C L 8 ' DONT USE»
0 0 0 3 2 0 0 0 0 0 0 1 A4 2 2 8 DC F ' 4 2 0 '

S 0 0 0 3 2 4 C4D6D5 E3 40E4E2C5 229 DC C L 8 ' DONT USE'
00032C 0 0 0 0 0 1  BO 2 3 0 DC F ' 4 3 2 '
0 0 0 3 3 0 C 4D6D5E340E4E2C5 231 DC CLS' DONT USE'
0 0 0 3 3 8 0 0 0 0 0 1 BC 232 DC F ' 4 4 4 '
0 0 0 33 C C4D6D5E34GE4E2C5 23 3 DC C L 8 ' DONT USE'
0 0 0 3 4 4 0 0 0 0 0 1 C8 2 3 4 DC F ' 4 5 6 '
0 0 0 3 4 8 C 4D6D5E340E4E2C5 23 5 DC C L 8 ' DONT USE'
0 0 0 3 5 0 0 0 0 0 0 1 D4 2 3 6 DC F ' 4 6 8 '
0 0 0 3 5 4 C4D6D5E340E4E2C5 2 3 7 DC CL 8 ' DONT USE'
00 035C 0 0 0 0 0 1 E 0 2 3 8 DC F • 4 8 0 '
0 0 0 3 6 0 C4D6D5E34GE4E2C5 2 3 9 DC C L 8 ' DONT USE'
0 0 0 3 6 8 0 0 0 0 0 1  EC 2 40 DC F» 4 9 2 '
00 03 6C C4D6D5 E3 40E4E2C5 241 DC CL8 * DONT USE'
0 0 0 3 7 4 0 0 0 0 0 1 F 8 242 DC F ' 5 0 4 '
0 0 0 3 7 8 C4D6D5 E3 40E4E2C5 2 4 3 DC C L 8 ' DONT USE'
0 0 0 3 8 0 0 0 0 0 0 2 0 4 2 4 4 DC F ' 516»
0 0 0 3 8 4 C4D6D5 E340 E4 E2C5 24 5 DC CL 8 ' DONT USE'
00 038C 0 0 0 0 C 2 1 0 246 DC F ' 5 2 8 '
0 0 0 3 9 0 C 4D 6D5E340E4E2C5 2 4 7 DC CL8» DONT USE'
0 0 0 3 9 8 0 0 0 0 0 2 1 C 2 4 8 DC F ' 5 4 0 '
C0039C C4D6D5E34CE4E2C5 2 4 9 DC C L 8 ' DONT USE*
0 0 0 3 A 4 0 0 0 0 0 2 2 8 2 50 DC F« 5 5 2 '
0 0 0 3 A 8 C 4D6D5E340E4E2C5 251 DC C L 8 ' DONT USE*
0 0 0 3 B 0 0 0 0 0 0 2 2 E 2 52 DC F ' 5 5 8 '
0 0 0 3 B 4 D7 D9C9D5 E 3 4 0 4 0 4 0 2 5 3 DC CL 8 ' P R I N T '
0003BC 0 0 0 0 0 2 4 0 2 54 DC F ' 5 7 6 '
0 0 0 3 C 0 C4D6D5 E3 40E4E2C5 25 5 DC C L 8 ' DONT USE'
00 03C8 0 0 0 0 0 2 4 C 2 5 6 DC F '  5 8 8 '
0003CC C4D6D5 E3 40E4E2C5 2 57 DC C L 8 ' DONT USE'
0 0 0 3 D 4 0 0 0 0 0 2 5 8 2 58 DC F ' 6  00*

PAGE 6

P08A PR70  9 / 1 7 / 7 0

ARGUMENT
FUNCTION
ARGUMENT
FUNCTION
ARGUMENT
FUNCTION
ARGUMENT
FUNCTION
ARGUMENT
FUNCTION

ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION 
ARGUMENT 
FUNCTION

ARGUMENT
FUNCTION
ARGUMENT
FUNCTION
ARGUMENT

0 0 0 2 0 4 0 0
0 0 0 2 0 5 0 0
0 0 0 2 0 6 0 0
0 0 0 2 0 7 0 0
0 0 0 2 0 8 0 0
0 0 0 2 0 9 0 0
0 0 0 2 1 0 0 0
0 0 0 2 1 1 0 0
0 0 0 2 1 2 0 0
0 0 0 2 1 3 0 0
0 0 0 2 1 4 0 0
0 0 0 2 1 5 0 0
0 0 0 2 1 6 0 0
0 0 0 2 1 7 0 0
0 0 0 2 1 8 0 0
0 0 0 2 1 9 0 0
00022000
0 0 0 2 2 1 0 0
0002220C
0 0 0 2 2 3 0 C
0 0 0 2 2 4 0 0
0 0 0 2 2 5 0 0
0 0 0 2 2 6 0 0
0 0 0 2 2 7 0 0
0 0 0 2 2 8 0 0
0 0 0 2 2 9 0 0
0 0 0 2 3 0 0 0
0 0 0 2 3 1 0 0
0 0 0 2 3 2 0 0
0 0 0 2 3 3 0 0
0 0 0 2 3 4 0 0
0 0 0 2 3 5 0 0
0 0 0 2 3 6 0 0
0 0 0 2 3 7 0 0
0 0 0 2 3 8 0 0
0 0 0 2 3 9 0 0
0 0 0 2 4 0 0 0
0 0 0 2 4 1 0 0
0 0 0 2 4 2 0 0
0 0 0 2 4 3 0 0
0 0 0 2 4 4 0 0
0 0 0 2 4 5 0 0
0 0 0 2 4 6 0 0
0 0 0 2 4 7 0 0
0 0 0 2 4 8 0 0
0 0 0 2 4 9 0 0
0 0 0 2 5 0 0 0
0 0 0 2 5 1 0 0
0 0 0 2 5 2 0 0
0 0 0 2 5 3 0 0
0 0 0 2 5 4 0 0
0 0 0 2 5 5 0 0
0 0 0 2 5 6 0 0
0 0 0 2 5 7 0 0
0 0 0 2 5 8 0 0



DATA STORAGE AND RETRIEVAL T / A  PROJECT 2 . PAGE 7

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70  9 / 1 7 / 7 0

00 03 D8 C4D6D5E34ÜE4E2C5 2 59 DC C L 8 ' DONT USE ' FUNCTION 0 0 0 2 5 9 0 0
0003EC 0 0 0 0 C 2 6 4 2 6 0 DC F 16 1 2* ARGUMENT 0 0 0 2 6 0 0 0
C003 E4 C4D6D5E34CE4E2C5 261 DC CL8 * DONT USE' FUNCTION 0 0 0 2 6 1 0 0
00C3EC 0 0 0 0 0 2 7 0 262 DC F ' 6  2 4 ' ARGUMENT 0 0 0 2 6 2 0 0
0 0 0 3 F 0 C4D6D5E34CE4E2C5 26 3 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 6 3 0 0
C 003F8 0 0 0 0 0 2 7  C 2 64 DC F* 6 3 6 ' ARGUMENT 0 0 0 2 6 4 0 0
0 0 0 3 F C C4D6D5E34CE4E2C5 265 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 6 5 0 0
CC0 4 0 4 0 0 0 0 0 2 8 8 2 6 6 DC F ' 6 4 8 ' ARGUMENT 0 0 0 2 6 6 0 0
0 0 0 4 0 8 C4D6D5E340E4E2C5 26 7 DC CL 8 ' DONT USE» FUNCTION 0 0 0 2 6 7 0 0
0 0 0 4 1 0 0 0 0 0 0 2 9 4 2 68 DC F'  6 6 0 ' ARGUMENT 0 0 0 2 6 8 0 C
C 0 0 4 1 4 C4D6D5 E3 40E4E2C5 26 9 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 6 9 0 0
0C041C 0 0 0 0 0 2  A0 2 70 DC F ' 6 7  2 ' ARGUMENT 0 0 0 2  7 CCO
0 0 0 4 2 0 C4D6D5E 34C E4E2C5 271 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 7 1 0 0
CO042 8 0 0 0 0 0 2  AC 272 DC F ' 6 8 4 ' ARGUMENT 0 0 0 2 7 2 0 C
00042C C4D6D5E34CE4E2C5 273 DC C L 8 ' DONT USE» FUNCTION 0 0 0 2 7 3 0 0
0 0 0 4 3 4 0 0 0 0 0 2 6 8 27 4 DC F « 6 9 6 ' ARGUMENT 0 0 0 2 7 4 0 0
0 0 0 4 3 8 C 4D6D3E340E4E2C5 275 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 7 5 0 0
CO0 4 4 0 0 0 0 0 0 2 C 4 2 7 6 DC F'  7 C 8 ' ARGUMENT 0 0 0 2 7 6 0 0
0 0 0 4 4 4 C4D6D5 E3 40E4E2C5 277 DC C L 8 ' DUNT USE' FUNCTION 0 0 0 2 7 7 0 0
0 0 0 44 C 0000G2D0 27 8 DC F ' 7 2 0 ' ARGUMENT 0 0 0 2 7 8 0 0
0 C 0 4 50 C4D6D5 E3 40E4E2C5 27 9 DC C L 8 ' DONT USE» FUNCTION 0 0 0 2 7 9 0 0
G0C458 0 0 0 0 0 2  DC 2 8 0 DC F ' 7 3  2 ' ARGUMENT 0C028G0G
00 0 45 C C4D6D5E340  E4E2 C5 281 DC C L 8 ' DONT USE' FUNCTION 0 0 0 2 8 1 0 0
0 0 0 4 6 4 0 0C0 02E 8 2 82 DC F ' 7 4 4 ' ARGUMENT 0 0 0 2 8 2 0 0

-  0 0 0 4 6  8cnvj
C4D6D5E34CE4E2C5 28 3 DC CL 8 ' DON T USE' FUNCTION G 0 0 2 8 3 0 0

28 5 #s;« # # # # # # # # # # #  s*c # # # # # # # # # # # # # # #  sjt#####s;s# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # 0 0 0 2  8 500
2 8 6 ❖ 0 0 0 2 8 6 0 0
287 # T H I S IS THE SUBROUTINE WHICHi PASSES THE SEARCH ARGUMENTS TO 0 0 0 2 8 7 0 0
2 8 8 * THE MAIN ROUTINE.  THE ARGUMENTS ARE CONTAINED IN THE TABLE 0 0 0 2 8 8 0 0
2 8 9 * CALLED ' L O O K U P ' . 0 0 0 2 8 9 0 0
290 * 0 0 0 2 9 0 0 0
291 # # # # # # # # # # # # # # # # # # # # #  # # # # # # # # # # # # # # # # #  sic### # # # # # #  # # # # # # #  # # # # # # # # # # # # # # # # 0 0 0 2 9 1 0 0

0 0 0 4 7 0 2 9 2 LOCELEM CSECT 0 0 0 2 9 2 0 0
0 0 0 4 7 C 90 EC DOOC ooooc 293 STM 3 E , 3 C ,  12 ( 3D ) 0 0 0 2 9 3 0 C
0 0 0 4 7 4 05 CO 2 9 4 BALR 3C *5)0 0 0 0 2 9 4 0 0
0 0 0 4 7 6 2 9 5 USING L O C E L E M + 0 0 0 0 0 0 0 6 , 3 0 0 0 0 2 9 5 0 0
0 0 0 4 7 6 9857 C 02 2 0 0 4 9 8 2 9 6 LM 3 5 , 3 7 , CONSTANT 00 029  60 0
0 0 0 4 7  A 12 55 29 7 LTR 3 5 , 3 5 I S  DUMMY S T I L L  COMING BACK ?? 0 0 0 2 9 7 0 0
0CC47C 4 7 8 0 C 0 1 4 0 048 A 298 BC 0 8 , RETURN YES,  GIVE HIM NOTHING. 0 0 0 2 9 8 0 0
0 0 0 4 8 0 8756 CC10 0 04 86 2 9 9 BXLE 3 5 , 3 6 , S 0 M E L E F T S T I L L  SOME L E F T ,  GIVE HIM ARGUMENT 0 0 0 2 9 9 0 0
0 0 0 4 8 4 1 B 55 30 0 SR 3 5 , 3 5 NONE L E F T ,  GIVE ZERO ADDRESS. 0 0 0 3 0 0 0 0
0 0 0 4 8 6 9 0 5 7 CC22 0 0 4 9 8 3 C1 SCMELEFT STM 3 5 , 3 7 , CONSTANT SAVE DATA FOR NEXT T I M E . 00 0 30 ICC
0 0 0 4 8 A 1815 302 RETURN LR 3 1 , 3 5 0 0 0 3 0 2 0 0
0 0 04  8C 98 EO DOOC ooooc 3 0 3 LM 3 E , 3 0 , 1 2 ( 3 D ) 0 0 0 3 0 3 0 0
0C0 4 90 982C D01C 00C1C 3 0 4 LM 3 2 , 3 C , 2 8 ( 3 D ) QC030400
0 0 0 4 9 4 07FE 30 5 BCR 1 5 , 3E 0 0 0 3 0 5 0 0

0 0 0 4 9 6 00 00
0 0 0 4 9 8 0 0 0 0 04 A 0 0 0 G 0 C 0 C 4 3 0 7 CONSTANT DC A(LOOKUP—4 , 4 , LOOKUPND- 1) 0 0 0 3 0 7 0 0
CO0 4 A4 0 0 0 0 0 1 0 8 0 0 0 0 0 1 5 2 308 LOOKUP DC F ' 2 6 4 , 3 3 8 , 5 5 8 ' 0 0 0 3 0 8 0 0
0 0 0 4 8 0 3 0 9 LOOKUPND EQU * 0 0 0 3 0 9 0 0

3 1 0 END 0 0 0 3 1 0 0 0
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RELOCATION D ICTIONARY PAGE I

P O S . I D  REL . I D  FLAGS ADDRESS 9 / 1 7 / 7 0

02 1C 0 0 0 0 AO
03 1C 0 0 0 0 A 4
04 oc 0 0 0 4 9 8
04 oc 0 0 0 4 AO



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES 9 / 1 7 / 7 0

3A 0 0 0 0 1 OOOOOA 0 0 1 2 7
3B 0 0 0 01 OCOOOB 0 0 1 2 8 0 0 2 9 0 0 3 0
a c 0 0 0 0 1 OOOOOC 0 0 1 2 9 0 0 2 8 00 91 0 2 9 3 0 2 9 4 0 2 95 0 3 0 4
3 CL9 F1 0 0 0 0 4 0 0 0 0 1 8 0 0 1 4 7
3D 0 0 00 1 OOOGCD 0 0 1 3 0 0 0 2 8 0 0 3 1 0 0 3 3 0 0 3 4 0 0 9 0 0 0 9 0 0 0 9 1 0 2 9 3 0 3 0 3 0 3 0 4
3DATA 0 0 0 0 1 0 0 0 0 A 8 0 0 1 3 9 0 1 4 0 0 1 41 0 1 4 4 0 1 4 5
3DATA1 0 0 0 0 1 G00Ü9C 0 0 1 1 6
3DQ9F6 0 0 0 0 4 0 0 0 05 E 0 0 0 6 7
3 D 0 9 F7 0 0 0 0 4 00GG34 0 0 0 5 3 0 0 6 9
3D1 0 0 0 0 2 0 0 0 0 9 C 0 0 1 3 3 0 0 6 6
3D2 0 0 0 0 2 000C9E 0 0 1 3 4 0 0 6 8
3E 0 0 0 0 1 OQOGOE 0 0 1 3 1 0 0 2 8 0 0 4 1 0 0 7 6 00 91 0092 0 2 9 3 0 3 0 3 0 3 0 5
3 E L 0 2 0 0 0 0 2 0 0 0 0 9 0 0 0 0 8 9 0 0 43
3 F 0 0 0 0 1 OOGOOF 0 0 1 3 2 0 0 3 2 0 0 3 3 0 0 3 4 004C 00 41 0 0 5 1 00 51 00 52 0 0 5 3 0 0 5 4 0 0 5 7 0 0 5 8 0 0 5 9 0 0 6 0  0 0 6 1

0 0 6 2 0 0 62 0 0 6 3 0 0 6 4 0 0 6 5 0 0 6 6 0 0 6 7 0 0 6 8 0 0 7 5 0 0 7 6 0 0 8 2 0 0 8 3
3SAV0 02 0 0 0 0 1 GOOOAC 0 0 1 4 0 0 0 3 1 0 0 3 2
3V2 0 0 0 0 4 GOOCAG 0 0 1 3 5 0 0 4 0
3V3 0 0 0 0 4 00Ü0A4 0 0 1 3 6 0 0 7 5
30 000G1 0 0 0 0 0 0 0 0 1 1 7 0 0 2 9 02 94 03 03
31 0 0 0 0 1 000G01 0 0 1 1 8 0 0 4 2 C042 0 0 5 3 C074 03 02
32 0 0 0 01 0 0 0 0 0 2 0 0 1 1 9 0 3 0 4
33 0 0 0 01 G0CG03 0 0 1 2 0
3 4 0 0 0 0 1 0 0 0 0 0 4 0 0 1 2 1
35 0 0 0 0 1 0 0 0 0 0 5 0 0 1 2 2 0 0 3 8 0 039 0 0 5 4 0 0 6 0 0 0 82 0 2 9 6 0 2 9 7 0 2 9 7 0 2 9 9 0 3 0 0 0 3 0 0 0 3 0 1 0 3 0 2
36 0 0 0 0 1 0 0 0 0 0 6 0 0 1 2 3 0 0 3 7 0 0 5 7 0 0 5 8 0 0 59 0 0 61 0 0 6 4 0 2 9 9
3 7 0 0 0 0 1 0 0 0 0 0 7 0 0 1 2 4 0 0 3 5 0 0 3 9 0 2 9 6 0 3 0 1
38 0 0 0 0 1 0 0 0 0 0 8 0 0 1 2 5
39 0 0 0 0 1 0 0 0 0 0 9 0 0 1 2 6
ASTERISK 0 0 0 0 1 CG0GF4 0 0 1 4 2 0 0 7 3
BINARY 0 0 0 0 1 0 0 0 0 0 0 0 0 0 2 7 0 0 3 0
CONSTANT CO 00 4 00 G498 0 0 3 0 7 0 2 9 6 03 01
FOUND 0 0 0 0 4 0 0 0 0 8 2 0 0 0 8 2 0 0 5 5
I 0 0 0 0 1 OOOOFC 0 0 1 4 4 0 0 5 2 0 0 6 5 0 0 6 7
LOCELEM 00CC1 GO 04 70 0G292 0 2 9 5
LOOKUP 0 0 0 0 4 0 0 0 4 A 4 0 0 3 0 8 0 3 0 7
LOOKUPNO 0 0 0 0 1 0 0 0 4 B 0 0 0 3 0 9 0 3 0 7
GUT AREA 0 0 1 2 1 0 0 0 1 0 0 0 0 1 4 8 C073 0 0 7 4 0 0 7 7 C083
P R I N T I T 0 0 0 0 4 0 0 0 0 7 4 0 0 0 7 5 0 0 8 4
RETURN 0 0 0 0 2 0C048A 0 0 3 0 2 0 2 9 8
SOMELEFT 0 0 0 C 4 0 0 0 4 8 6 0 0 3 0 1 0 2 9 9
STEP 0 0 0 0 2 0 0 0 0 4 8 0 0 0 5 9 0 0 5 6
TABLE 0 0 0 0 4 0 0 0 1 7 C 0 0 1 5 8 0 0 3 5
T0P3 C 0 0 0 4 0 0 0 0 1 8 0 0 0 3 7 0 0 7 8 0 1 4 7

NO STATEMENTS FLAGGED I N  T H I S  ASSEMBLY 
^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N )  = 3 1 0
*  OPT IONS I N  EFFECT*  L I S T ,  NODECK, LOAD,  NORENT,  XREF,  NOTEST,  ALGN, OS,  L INECNT = 55

382 PRINTED L I NE S
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F 4 4 - L E V E L  L INKAGE EDITOR OPTIONS S P E C I F I E D  MAP, L E T , L I  S T , NCAL
VAR IA BLE  OPTIONS USED -  S I Z E = < 4 5 0 5 6 , 6 1 4 4 ) -  DEFAULT O P T I O N ( S )  USED

IEWOOOO ENTRY U T I L I T Y

MODULE MAP

CONTROL SECTION

NAME O R I G I N LENGTH

BINARY GO 4 7 0
LOCELEM 4 7 0 40
U T I L I T Y 4B0 5A0

ENTRY

NAME LOCATION NAME LOCATION

PRI NT 512 PC HKRETN 76E

ENTRY ADDRESS 4B0
TOTAL LENGTH A50

* * * * G 0  DOES NOT E X I S T  BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION NAME LOCATION



*  *
*
-H- *
*  -M-

■«• tt* * 
*  *  *
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REGS 0 - 7  FFFFFF2E OGOOOOOO 00 01CE1C 0 0 0 0 0 0 0 0  0 0 0 1 5 1 1 0  0 0 0 3F 0 A C  OOOOOOCO 00 0 3E F2 C
REGS 8 - 1 5  GG01CE00 0 0 0 0 0 0 0 0  0 0 0 1 C E 2 8  6 F0 3E DB 6 4 0 07 E C A 2  0 0 0 3 E E 5 C  6F 03EDD8  0 0 0 3 F 2 2 0

F . P . REGS. 00.01D248 000000B8 01.C60A00 D000F891 E2.E3D6D9 7CE3C1F2 00.000000 0C000000

c o o o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 03 E DB 0 0 0 0 0 0 0 0 0 F F 0 6 0 0 0 0 8 0 0 0 0 0 0 0 ❖
0C0C20 FF 0 4 0 0 0 3 4 0 0 7 8 0 3 A F F D 5 0 0 0 1 4 F 0 3E E 4 2 OOOCFFOO 0 0 0 0 0 0 0 0 F E 0 4 0 2 3 4 8 0 0 0 0 A 0  6 *
0 0 0 0 4 0 C 0 0 0 1 3 6 0 0 8 0 0 0 0 0 0 0 0 0 0 1 4 D 0 0 0 0 0 5 9 2 0 0 2 C 0 2 7 A 4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 * . . . . *
0 0 0 0 6 0 0 0 0 4 0 0 0 0 0 0 007B C8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 12 D1 G C004 00G0 0 0 0 0 7 5  IA * . . . . *

0 3 EDA 0 98EF9CC6 58109CC E D7039BEE 9BEED701 90ECD00C 0 5 B 0 5 0 D 0 B 0AA41F0 B 0 A 6 50 F 0 *
03EDC0 D 008 18D F 4 1 7 0 B 1 7 6 4 1 6 0 0 0 C  0 4 1 5 0 0 1 8 0 1 A 5 7 5 8 F 0 B 09A05EF 1 2 1 1 4 7 8 0 B 08A1BFF * . . . . *
03EDE0 5 0 F 0B 0 F6 5 8 F 0 1 0 0 0 5 9 F 05 C0 0 4 7 8 0Ö 0 7 C 4 7 4 0 B 0 4 2 1 3 F 6 1 8 6 F 1 8 F6 1 A 5 F 1 8 F6 1 0 F F
03 EE 00 8 AFG 0001 18 6F5 8FC B 0F6 4A F0 B 0 9 6 5 0 F 0 B 0 F6 4 9 F 0 B 0 9 8 4 7 C 0 B02ED207 BOFBBOE E * . 0 . . . . . . *
03EE20 4 1 1 0 B 0 F A 5 8 F 0 B 0 9 E 0 5 EF92 40 B 0 F A 4 7 F 0 B 0 1 2 4 1 F 0 5GC8D207 BOFBFOCO 4 7 F 0B 0 6 E ❖
0 3 EE 4 0 000C5 8DG D00498EC D 00 0 0 7 F  E 0 0 0 1 0 0 0 5 0 0 0 3 F 2 2 0 0G03F2C2 6 0 1 2 4 7 1 0 9 2 E 4 9 2 1 C *
03 EE 60 0 0 0 4 A F 6 6 C0G3F5E0 6 F 0 3E D 08 0 0 0 3 F 2 2 0 FFFFFF2E 0 0 03 E E B 0 0 0 0 1 C E 1C OGOOOOOO
03 EE 80 0 0 0 1 5 1 1 0 00 0 3F 0 AC OOOOOOCO 0 0 0 3E F 2 C 0 0 0 1 C E 0 0 0 0 0 0 0 0 0 0 0 0 0 1 C E 2 8 6F03EDB 6 *
03EEAC 4 0 0 7 E CA 2 5C5C5C5C 5C5C5C5C 0 0 0 0 0 0 0 6 40 5C5C5C 5C5C5C5C 5 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 *
03EEC0 4 0 4 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 4 0 4 0 4 0 4 0 4 0 4 0 ❖ *
03EEE0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 ❖
03 EF 0 0 4 0 4 0 4 0 4 0 4 0 4C 404 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 *
0 3 EF 2 0 4 0 4 0 4 0 4  0 4 0 4 0 4 0 4 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C4D6D5E3 40 E4 E 2C 5 OOOOOOOC C4D6D5E 3 * DONT USE • • • • DONT*
0 3 E F 4 0 40E4E2C 5 OOOCOO18 C4D6D5E3 40 E4 E2 C 5 0 0 0 0 0 0 2 4 C4D6D5E3 40 E4 E2 C5 0 0 0 0 0 0 3 0 * USE • • . • DONT USE • • • • DÜNT USE . . . . *
0 3 EF 6 0 C406D5E3 40 E4 E2 C5 0000GC3C C4D6D5E3 4 0 E4 E 2C 5 0 0 0 0 0 0 4 8 C4D6D5E3 40 E4 E2 C 5 *DONT USE • • • • DONT USE • • • • DONT USE*
0 3 E F 8 0 0 0 0 0 0 0 5 4 C4D6D5E3 40 E4 E2 C5 0 0 0 0 0 0 6 0 C4D6D5E3 4 0 E4 E 2C 5 0000CC6C C4D6D5E 3 * • • • • DONT USE • • • • DONT USE . • . . DONT*

5} 0 3 EF A0 4 0 E 4 E 2 C 5 0 0 0 0 0 0 7 8 C4D6D5E3 4 0 E4 E 2 C5 0 0 0 C 0 0 8 4 C4D6D5E3 40 E4 E2 C5 0 0 0 0 0 0 9 0 * USE • • • • DONT USE • • . • DONT USE . . . .  *
M 03EFC0 C4D6D5E3 40 E4 E 2C5 0 0 0 0 0 0 9 C C4D6D5E 3 40 E4 E2 C5 0 0 0 0 0 0 A 8 C4D6D5E3 4 0 E 4 E2 C5 ❖ IDUNT USE • • • • DONT USE DONT USE*

0 3 FF E0 0 0 0 0 0 0 B 4 C4D6D5F3 40 E4E2C5 OOOOOOCO C4D6D5E3 4 0 E4 E 2C 5 OOOOOOCC C4D6D5E 3 * DÜNT USE • • . . DONT USE • • . • DONT*
03F00Q 4 0E4 E2 C5 0 0 0 0 OOD8 C4D6D5E3 40 E4 E2 C 5 0 0 0 0 0 0  E4 C4D6D5E3 40  E4E2C5 0 0 0  0 00  FO * USE . . .QDÜNT USE . . .UDONT USE . . . 0 *
0 3 F 0 2 0 C4D6D5E3 40E4E2C 5 OOOOOOFC C4D6D5E3 4 0 E4 E 2C 5 0 0 0 0 0 1 0 8 E 3C8C9E2 4 0 4 C4 04 Q *DONT USE • • • • DONT USE THI S *
0 3 F 0 4 0 0 0 0 0 0 1 1 4 C4D6D5E3 4GE4E2C5 0 0 0 0 0 1 2 0 C4C6D5E3 40E4E2C 5 0 0 0 0 0 1 2C C4D6D5E 3 ❖ . • . • DÜNT USE • • • • DONT USE . . . . DONT*
0 3 F 0 6 0 4GE4E2C5 0 0 0 0 0 1 3 8 C4D6D5E3 4CE4E2C 5 00000144 C4D6D5E3 4QE4E2C5 0 0 0 0 0 1 5 2 USE • . . • DONT USE • • . • DONT USE . . . . *
0 3 F 0 8 0 E 2C 80 6 E4 D 3C 44 0 40 0 0 0 0 0 1 5 C C4D6D5E 3 40 E4 E 2C 5 0 0 0 0 0 1 6 8 C4D6D5E3 4 0 E 4 E2 C5 *SHOULD • . • • DÜNT USE • • . • DONT USE*
0 3 F 0 A 0 0 0 0 0 0 1 7 4 C4D6D5E3 40 E4 E 2C 5 0 0 0 0 0 1 8 0 C4D605E3 4 0 E4 E 2C 5 0 0 0 0 0 1 8C C4D6D5E 3 * • • • • DONT USE • • • • DÜNT USE • • . • DONT*
03P0C0 40 E4 E 2C5 0 0 0 0 0 1 9 8 C4D6D5E3 4 0 E 4 E2 C5 0 0 0 0 0 1 A4 C4D6D5E3 40 E4 E2 C5 000  OOIBO ❖ USE • • • • DONT USE • • • • DONT USE . . . . *
0 3 F0 E 0 C406D5E3 4 0 E 4 E2 C5 0C00 01BC C4D6D5E3 4 0 E4 E 2C 5 0 0 0 0 0 1 C 8 C4D6Ü5E3 4 0 E4 E 2C 5 *DÜNT USE • . . . DONT USE . . . HDONT USE*
03 F 10 0 0 0 0 0 0 1 D4 C4DóD 5E3 40 E4 E2 C5 OOOOülEC C4D6D5E3 4 0 E4 E2 C5 0 0 0 0 0 1 EC C4D6D5E 3 * . • • MDONT USE • • • • DONT USE • • . . DONT*
0 3 F 1 2 0 40E4E2C 5 üOOQO1 F8 C4D6D5E3 40E4E2C 5 0 0 0 C 0 2 0 4 C4D6D5E3 40 E4 E2 C5 0 0 0 0 0 2 1 0 * USE . . • 8  DUNT USE • • • • DONT USE . . . .  *
0 3 F 1 4 0 C4D6D5E3 40E4E2C 5 0 0 0 0 0 2 1 C C4D6D5E3 4 0 E 4 E2 C5 0 0 0 0 0 2 2 8 C4D6D5E3 40E4E2C 5 *DONT USE • • • • DONT USE • • • . DONT USE*
03F16G 000 00 22  E D7D9C9D5 E 3 4 0 4 C 4 0 0 0 0 0 0 2 4 0 C4D6D5E3 4 0 E4 E2 C5 0 0 0 0 0 2  4C C4D6D5E3 • • • • PRINT • . . DONT USE • • • . DONT*
0 3 F 1 8 0 4 0 E 4 E2 C5 00 0C02  58 C4D6D5E3 4 0 E4 E 2 C 5 0 0 0 C 0 2 6 4 C4D6D5E3 40 E4 E2 C5 0 0 0 0 0 2 7 0 * USE • • • • DONT USE • • • • OÜNT USE . . . . *
0 3 F 1A 0 C4D605E3 40 E4 E2 C5 00 C0 0 27 C C4D6D5E3 40 E4E2C5 0 0 0 0 0 2 8 8 C 406D5E3 40E4E2C 5 *DÜNT USE • • . . DÜNT USE • . . . DONT USE*
0 3 F 1C 0 0 0 0 0 0 2 9 4 C4D6D5E3 4 0E4 E2 C5 0 0 0 0 0 2 AO C4D6D5E3 40 E4 E 2C 5 0 0 0 0 0 2  AC C4D6D5E3 $ . . . • DÜNT USE . • • . DONT USE • • • • DONT*
03 F IE  0 4CE4E2C 5 0 0 0 0 0 2 B 8 C4D6D5E3 40 F 4E 2C  5 0 0 0 0 0 2 C 4 C4D6D5E3 40 E4 E2 C5 00 0002 DC * USE . . • • DONT USE . . . DDONT USE . . . . *
0 3 F 2 0 0 C4D6D5E3 4 0 E 4 E2 C5 00Q002DC C4D6D5E 3 40  E4E2C5 CÖ0002E8 C406D5E3 4 0E4 E2 C 5 *DONT USE • . • • DONT USE . .  • YDONT USE*
0 3 F 2 2 0 9CECD00C 0 5CG 9857 C 0 2 2 1 2 5 5 4 7 8 OC 0 1 4 8 7 5 6 C 0 1 0 1 B 5 5 9 0 5 7 C 0 2 2 1 8 15 98ECD00C * . . .  - *
0 3 F 2 4 0 98 2CD01C 0 7 F E 0 0 0 0 OOCöOOOO 0 0 0 0 0 0 0 4 0 0 0 3 F 2 5 F 0 0 0 0 0 1 0 8 0 0 0 0 0 1 5 2 0 0 0 C 0 2 2  E * . . . . *
0 3 F 2 6 0 9 0 ËCDO00 C5C00 4F0 07 0 0 4 1 1 0 C 0 1 0 0 5 1 1 0 F C3 F30 4 7 F FF 0A 0E 58B0QC10 9 1 1 0 B 0 7 4 ❖ . . . . *

03 F820 5 0 4 0 1 0 1 0 4 3 4 C A 0 0 8 1 2 4 4 4 7 8 0 8 8 5 C 4 8 2 0 AG0E5420 8 A 9 E 4 7 8 0 87 FC06  20 5 A 2 0 B 0 1 0 * • . • . . . . *
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ssssssssss ÜOOQOOOOGOOO RRRRRRRRRRR TTTTTTTTTTTT ssssssssss
ssssssssssss 0 0 0 0 0 0 0 0 0 0 0 0 RRRRRRRRRRRR TTTTTTTTTTTT ssssssssssss
SS SS 00 00 RR RR TT SS SS
SS 00 00 RR RR TT SS
sss 00 00 RR RR TT SSS

sssssssss 00 00 RRRRRRRRRRRR TT SSSSSSSSS
sssssssss 00 00 RRRRRRRRRRR TT SSSSSSSSS

sss 00 00 RR RR TT sss
SS 00 00 RR RR TT SS

SS SS 00 00 RR RR TT SS SS
ssssssssssss 0 0 0 00 0 0 0 0 0 00 RR RR TT SSSSSSSSSSSS

ssssssssss 0 0 0 0 0 0 0 0 0 0 0 0 RR RR TT SSSSSSSSSS

WW WW
WW WW
WW WW
WW WW
WW WW
WW WW
WW WW WW
WW WWWW WW
WW WW WW WW
wwww wwww
WWW WWW
WW WW

PPPPPPPPPPP
PPPPPPPPPPPP
PP PP
PP PP
PP PP
PPPPPPPPPPPP
PPPPPPPPPPP
PP
PP
PP
PP
PP

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
9 9  99
99  99
9 9  99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99 
9 9

9 9  99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9

f



164

EXTERNAL SYMBOL DICTIONARY PAGE 1
SYMBOL TYPE ID ADDR LENGTH LD ID 1 4 . 1 9  9 / 1 6 / 7 0

SDRTTECH SD 01 0 0 0 0 0 0 0 0 0 2 0 4
PCHKRETN ER 02
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LQC OBJECT CODE ADDR1 ADDR2

e o o c ü o

0 0 0 0 0 0
0 0 0 0 0 1
0 0 0 0 0 2
0 0 0 0 0 3
0 0 0 0 0 4
0 0 0 0 0 5  
0 0 COO6
0 0 0 0 0 7
0 00 0 0 8  
0 0 0 0 0 9  
0 0 0 0 0  A 
OOCOOB 
OOOOOC 
0 0 0 0 0 D 
OOOOOE 
0 0 0 0 0 F
OOOOOC 90 EC o o o o OOCOC
0 0 0 0 0 4 05C0
0 0 0 0 0 6
0 0 0 0 0 6 41 FG C1B6 001BC
00 0 0 0 A 50FD 0 0 0 8 0 0 0 0 8
OOOOOE 5 CDF 0 0 0 4 0 0 C0 4

- 0 0 0 0 1 2 1 8 D F
« * 0 0 0 0 14 D 703 DOGS DO08 0 0 00 8  0 0 0 0 8

STMT SOURCE STATEMENT

1 SORTTECH CSEC.T
2 COPY MHMBEGIN
3 RO EQU 0
4 R1 EQU 1
5 R 2 EQU 2
6 R3 EQU 3
7 R4 EQU 4
8 R5 EQU 5
9 R6 EQU 6

10 R 7 EQU 7
11 R8 EQU 8
12 R9 EQU 9
13 RIO EQU 10
14 R11 EQU 11
15 R1 2 EQU 12
16 R 1 3 EQU 13
17 R 14 EQU 14
18 R1 5 EQU 15
19 STM R 1 4 , R 1 2 , 1 2 ( R 13)
20 BALR R 1 2 , 0
21 USING *  t R12
22 LA R 15 t SAV EAR EA
23 ST R 1 5 f 8 ( R13 >
24 ST R 1 3 , 4 ( R 1 5 )
25 LR R13 , R 1 5
26 XC 8 ( 4 , R 1 3 ) , 8 ( R 1 3 )
27 * END OF: STANDARD ENTRY
28 PR I NT OFF

PAGE 1

F0 8APR7 0 9 / 1 6 / 7 0

SAVE THE CALLE R' S  REGISTERS 
E STABL ISH PROGRAM BASE 
LET THE ASSEMBLER KNOW. 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN 
FORWARD CHAIN 
E STABL ISH MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

L INKAGE CONVENTIONS.

0 0 0 0 0 1 0 0  
0 0 0 0 0 2 0 0  
00 C0 C700  
0 0 0 0 0 8 0 0  
0 0 0 0 0 9 0 0  
0 0 Ü C 1 G 0 0  
0 0 0 0 1 1 0 0  
0 0 0 0 1 2 0 0  
0 0 0 0 1 3 0 0  
0 0 0 0 1 4 0 0  
0 0 0 0 1 5 0 0  
0 0 0 0 1 6 0 0  
0 0 0 0 1 7 0 0  
0 0 0 0 1 8 0 0  
0 0 0 0 1 9 OC 
0 0 0 0 2 0 0 0  
GG0G210C 
0 0 0 0 2 2 0 0  
0 0 0 0 2 4 0 0  
0 0 0 0 2  500 
0 0 0 0 2 6 0 0  
0 0 0 0 2 7 0 0  
0 0 0 0 2 8 0 0  
0 0 0 0 2 9 0 0  
0 0 0 0 3 0 0 0  
0 0 C C 3 100 
0 0 0 0 3 2 0 0  
G 0 0 0 0 3 0 0



166

SIMPLE SELECTION PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

3  5  $ 3 c jjcajc

36 *
37  *
38  *
39 *
40  *
41 *
42 *
43  *
4 4  *

THIS  IS  AN EXAMPLE OF THE " S E L E C T I O N "  METHOD OF SORTING.

B A S I C A L L Y ,  T H I S  SORT COMPARES EACH ITEM IN THE L I S T  AGAINST 
THE F I R S T  IN THE L I S T .  WHENEVER THE F I RST IS LARGER THAN 
THE OTHER, THEY ARE EXCHANGED. AT THE COMPLETION OF A 
SINGLE PASS THROUGH THE L I S T  (CALLED A " S C A N " » ,  THE SMALLEST 
ITEM HAS BEEN MOVED TO THE F I RS T  P O SI T I ON  IN  THE L I S T .
THE NEXT " S CAN "  I S  STARTED WITH THE NEXT (SECOND)  P OS IT I ON

0 0 0 0 1 0 0 0
0 0 0 0 1 1 0 0
0 0 0 0 1 2 0 0
0 0 0 0 1 3 0 0
0 0 0 0 1 4 0 0
0 0 0 0 1 5 0 0
0 0 0 0 1 6 0 0
0 0 0 0 1 7 0 0
0 0 0 0 1 8 0 0
0 0 0 0 1 9 0 0

45 * IN THE L I S T . CONSIDER THE FOLLOWING: OOOC2COO
46 0 0 0 0 2 1 0 0
47 * LEGEND: EACH VER TI CAL COLUMN SHOWS THE ORDER OF THE L I S T  AT 0 0 0 0 2 2 0 0
48 * THE END OF A SCAN . THE ORDER PROCEEDS FROM LEFT TO 0 0 0 0 2 3 0 0
49 $ R I G H T .  SCAN #0  I S THE: O R I G I N A L  VALUE OF THE L I S T . 0 0 0 0 2 4 0 0
50 ❖ THE + SIGN TO THE LEFT OF A NUMBER I N D I C A T E S  THE 00ÜG25C0
51 * STARTING POINT FOR TH E ' NEX T SCAN. 0 0 0 0 2 6 0 0
52 * 0 0 0 0 2 7 0 0
53 ❖ SCAN #0 #1 #2 #3 #4 * 5 0 0 0 0 2 8 0 0
54 ❖ . 0 0 0 0 2 9 0 C
55 ❖ * + 5 1 1 1 1 1 N = THE NUMBER OF ITEMS I N L I S T . 000-03000
56 * D 6 +6 2 2 2 2 0 0 0 0 3 1 0 0
57 ❖ A 4 5 + 6 3 3 3 NUMBER OF SCANS = N - l . 0 0 0 0 3 2 0 0
58 T 1 4 5 + 6 4 4 NUMBER OF COMPARES = N ( N - l ) / 2 . 0 0 0 0 3 3 0 0
59 ❖ A 2 2 4 5 + 6 5 MAXIMUM NUMBER OF DATA MOVES 0 0 0 0 3 4 0 0
60 * * 3 3 3 4 5 6 = N ( N - l ) / 2 . 0 0 0 0 3 5 0 0
61 *
52  S f c * * * * * * * * * * * * * * * * * *  # # * 3 ( 5 * * * * * * * # * # * * * * * * * * * # * : ( £ # : $ :  sCc**##** ** Js # *  # # # s* *s # # *  # # # 0 0 0 0 3 6 0 0

0 0 0 0 3 7 0 0

4
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CHART SELECT 
PAGE 001 OF 001

* * A 2 * * # # # # ❖ * *
*  START OF *
*  SELECTION S O R T . ** * * * $ * * * * * * * * * * * *

OUTSLECT
*  *  A3 * * * * * * *

*  SET UP *
*  ADDRESS OF *

--------- > *  NEXT ITEM IN *
A *  THE L I S T  *
I * *( ***********
* * * *

* *
*  A3 *
* *

* * * *
V

INSELECT . * .
B3 * .

. *  * .
NO . *  ITEMS OUT * .

+—  *  . OF SEQUENCE ?.  * < ------ <
* .  .  *

* .  .  *
*  • .  *

*  YES

V
* * * * * C 3* * * * * * * * * *  
*  *
*  EXCHANGE THE *
*  TWO ITEMS.  *
* *
* *
* * * * * * * * * * * * * * * * *

+----------------------->

* * D 4 * * * * * * *
& #

*  SET UP THE *  
>*ADDRESS OF THE *

*  NEXT ITEM *
* *

***********

V
NOCHANGE . * .

D3 * .

.♦END OF T H I S * .  NO 
* .  SCAN ? . *  ~

* .  .  *
* .  . *

* .  . *
*  YES

V
SELECTST . * .

E3 * .
* * * *  #*  * .

*  *  NO . *END OF THE * .  Y ES
*  A3 * < --- *  , L IS T ? . *  —* * *. .*

* * * *  * . .*
* .  . *

*

FINDLOW
* * * * { =  4 *  * * * * * * * *

* *
— > *  RETURN *

* *
* * * * * * * * * * * * * * *
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SIMPLE SELECTION PAGE 4

LOC OBJECT CODE ADDR1 ADDR2 S T M T  S O U R C E  STATEMENT F08APR70

75 * * # * * # * # * * * * # * # # # ; ! t * # * * # * * * ## ## # *# #* # : f c : £ #* # *# * * * *# * : f c * : £# : * * : f c # * : £ * * : < £# : £ : : * * *# a ! c : « cs ! !
76  *
77  *  T H I S  ROUTINE USES THE " S E L E C T I O N "  METHOD OF SORTING TO SORT
78 * A L I S T  OF HALF-WORC BINARY Q U A N TI T I ES  INTO ASCENDING ORDER.
79 *  A DUMP WILL  BE TAKEN AT THE END OF THE ROUTINE TO VAL ID AT E
80 *  THE SORT BY CHECKING THE L I S T  I N  THE DUMP.
81 *
P 2 # # # ##

84 *
85 *  I N I T I A L I Z E  THE LCOP CONTROLLING REGISTERS.
86 *

0 0 0 0 2 A 41 2 0 C 0 7 4 00 07A 87 LA R 2 , SELECT N D - L * S EL E CT ADDR. OF LAST ENTRY
0 0 0 02  E 4 8 3 0 C076 0007C 88 LH R 3 , #0F SCANS NUMBER OF SCANS TO BE MADE.
0 0 0 0 3 2 4 1 4 0 C 06 A 0 0 0 7 0 89 LA R4*SELECT ADDR. OF LOW END OF L I S T .
0 0 0 0 3 6 4 1 5 4 0 0 0 2 0 0 0 0 2 90 □UTSLECT LA R 5 , L *  S E L E C T ! R 4 ) NEXT ITEM IN L I S T .
0 0 0 0 3 A D501 4 0 0 0 5 0 0 0 OGQGO 0 0 0 0 0 91 I NSELECT CLC 0 ( L * S E L E C T , R 4 ) , 0 ( R 5 ) OUT OF SEQUENCE ??
0 0 0 0 4 0 4 7 4 0 CC5 0 0 0 0 5 6 92 BL NOCHANGE NO.
C 0 0 0 4 4 D201 CO 78 4GGÜ Ö007E 0 0 0 0 0 93 MVC S E L E C T M P , 0 ( R 4 ) YES,  EXCHANGE
0 0 0 0 4 A D2 01 4 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 94 MVC O IL  * S E L E C T , R 4 ) , 0 ( R 5 ) THE TWO
0 G 0 0 50 02 0 1 5 0 0 0 C 078 OGOOO 0 0 0 7 E 95 MVC 0 < L * S E L E C T , R 5 ) , S E L E C T M P  I TEMS.
0 0 0 0 5 6 1952 96 NOCHANGE CR R 5 , R2 END OF T H I S  SCAN ??
0 0 0 0 5 8 47B0 C05E 0 0 0 6 4 97 BN L SELECTST YES.

5? 00CG5C 4 1 5 5 0 0 0 2 0 0 0 0 2 98 LA R 5 , L* S EL E CT ( R 5 ) NO, POINT TO NEXT IN L I S T
“  0 0 0 0 6 0 4 7 F0 C 0 3 4 0 0 03A 99 B INSELECT AND CONTINUE THE SCAN.

0 0 0 0 6 4 4 1 4 4 0 0 0 2 0 0 0 0 2 100 SELECT ST LA R 4 , L « S E L E C T ( R 4 ) SET NEW LOW END OF L I S T .
0 0 0 C 6 8 4 6 3 0 C 0 3 0 0 0 0 3 6 101 BCT R 3 , OUTSL ECT I F  NOT F I N I S H E D ,  BEGIN NEW SCAN.
0 0 0 0 6 C 4 7 F0 CC7 A 0 0 0 8 0 102 B FINDLOW S K I P  AROUND TA B LE S .

0 0 0 0 7 0 0043 00 3A 00 62 G0 2D 1 04 SELECT DC H* 6 7 , 5 8 , 9 8 , 4 5 , 3 , 0 9 '
0 0 0 0 7  C 105 SELECTND EQU *
OOOC7C 0005 106 #OFSCANS DC A L 2 ( ( I S E L E C T N D - S E L E C T ) / L * S E L E C T ) - 1 )
0 CO 01E 10 7 SELECTMP DS H
0 0 0 0 8 0 00 00 1 08 FINDLOW DC H* 0*  DUMP TO VERIFY SORT

110
111
112
113
1 1 4
115
11 6
117
118 
119 
12C 
121 
122
123
12 4
1 2 5
1 2 6

***********************************************************************
*
❖ ANSWER THESE QUESTIONS ABOUT THE SELECTING TECHNIQUE AND
*  CODING EXAMPLE.  WRITE YOUR ANSWERS I N  THE LEFT MARGIN.
#
*  1 .  WHAT WOULD BE THE RESULTS OF THE SORT I F  THE BRANCH AT
*  * I NSEL ECT +6•  WERE • BH1 RATHER THAN • BL * ?*
*  2 .  USING THE DATA I N  « S E LE C T* ,  HOW MANY T I MES WILL  THE 3
*  1MVC* INSTRUCTIONS BE EXECUTED DURING THE F I R S T  SCAN ?
*■
*  3 .  WHAT P O SI T I O N  I N  THE L I S T  WI LL  THE 58 OCCUPY AFTER SCAN 2 ?

******** WHEN YOU HAVE ANSWERED THESE QUESTIONS,  D ISPLAY THE GREEN S IDE
*  OF YOUR "ANSWER C U E " .
*

0 CG 05000
0 0 0 0 5 1 0 0
0 0 0 0 5 2 0 0
0 0 0 0 5 3 0 0
C 0 0 0 5 4 0 0
0 0 0 0 5 5 0 0
0 0 0 0 5 6 0 0
0 0 C 0 5 7 0 0

9/16/70

0 0 0 0 5 9 0 0  
0 0 0 0 6 0 0 0  
0 0 0 0 6 1 0 0  
0 0 0 0 6 2 0 0  
0 0 0 0 6 3 0 0  
0 0 0 0 6 4 0 0  
0 0 0 0 6 5 0 0  
0 0 0 0 6 6 0 0  
0 0 0 0 6 7 0 0  
0 0 0 0 6 8 0 0  
OCO 0 6 9 0 0  
0 0 0 0 7 0 0 0  
0 0 0 0 7 1 0 0  
00 C0 7 20 Ü  
0 0 0 0 7 3 0 0  
0 0 0 0 7 4 0 0  
0 0 0 0 7 5 0 0  
0 0 0 0 7 6 0 0  
0 0 0 0 7 7 0 0

0 0 0 0 7 9 0 0
0 0 0 0 8 0 0 0
0 0 0 0 8 1 0 0
0 G 0 0 8 2 0 0
0 0 0 0 8 3 0 0

0 G 0 0 8 5 0 0  
0 0 0 0 8 6 0 0  
0 0 0 0 8 7 0 0  
0 0 0 0 8  800  
0 0 0 0 8 9 0 0  
0 0 0 0 9 C 0 0  
0 0 0 0 9 1 0 0  
0 0 0 0 9 2 0 0  
0 0 0 0 9 3 0 0  
0 0 0 0 9 4 0 0  
0 0 0 0 9 5 0 0  
0 0 0 0 9 6 0 0  
0 0 0 0 9 7 0 0  
0 0 0 0 9 8 0 0  
0 0 0 0 9 9 0 0  
0 0 0 1 0 0 0 0  
00 010100
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F • P . REGS. 0 0 . G1CD2C 0001D5C 8

REGS 0 - 7 FFFFFF2E 0G0 4E FF 8
REGS 8 - 1 5 0 0 0 1 D5C8 0 0 0 0 0 0 0 0

4 0 . 0 4 D 1 3 2  0 0 0 0 0 0 5 0 F D . 0 0 0 0 0 0  0 0 0 0 0 0 0 0 00 • 1 2 C 0 0 2  0 0 C 0 0 0 0 0

0 0 0 4 2 8 D 2  0 0 0 0 0 0 0 0  0 0 0 4 2 8 D 2  0 0 0 4 2 8 D 2  0 0 0 1C D 68  0 0 0 1 A A 4 8
Q 00 1D 5F 0 0 0 0 0 0 0 0 0  6 F 0 4 2 8 5 E  0 0 0 4 2 A 1 4  0 0 0 0 C 7 D 4  0 0 0 4 2 D 1 E

0 0 0 0 0 0 OOOOOOGO GOGGGCOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 8 5 8 0 0 0 0 0 0 0 0 F F 0 4 0 0 8 0 A 000 A9 3C # . i
0 0 0 0 2 0 0 0 0 4 0 0 0 3 5 0 0 06 A 3  E F F A 5 0 0 0 1 4 F 0 42 8 DA OOOOFFOO 0 0 0 0 0 0 0 0 F E 0 4 0 0 0 F 8 0 0 0 0 A 1 E *  • ,
0 0 0 0 4 0 00 07C D98 G8 0 0 0 0 0 0 0OOO14DO 0 0 0 0 5 9 2 0 0 2 C 0 3B A4 0 0 0 0 9 9 6  C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 * .  ,
0 0 0 0 6 0 0 0 0 4 0 0 0 0 000G7BC8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D 1 0 0 0 0 4 0 0 0 0 0 0 0 0  7 5 1 A *  • ,

0 4 2 8 4 0 4 1 2 2 0 0 0 1 4 7 F 0 6 6 C A D 2 0 3 F 0 0 0 6 6 F 9 5 8 2 0 5 8 A 0 4 1 F F 0 0 0 4 0 7 F F 90ECD0CC 0 5 C 0 4 1 F 0 *  . , O
'

o

0 4 2 8 6 0 C 1B650FD G00850DF 0 0 0 4 1 8 D F D 7 0 3 D0 08 D 0 0 8 5 8 F 0 C0EAD201 F 0 00 C0 2 2 4 7 F 0 C 0 2 4 * A . o O O

0 4 2 8 8 0 0 7 F E 4 1 2 0 C 0 7 4 4 8 3 0 CO 7 6 4 1 4 0 C 0 6 A 4 1 5 4 0 0 0 2 D 5 0 1 4 0 0 0 5 0 0 0 4 7 4 0 C 0 5 0 D 2 0 1 C 0 7 8 *  . ,
0 4 2 8 A 0 4 0 0 0 D 2 0 1 4 0 0 G 5 0 0 0 0 2 0 1 5 0 0 0 C 0 7 8 1 9 5 2 4 7 B0 C0 5  E 4 1 5 5 0 0 0 2 4 7 F 0 C 0 3 4 4 1 4 4 0 0 0 2 # i
0 4 2 8 C 0 4 6 3 0 C 0 3 0 47FGC07A 0 0 0 3 0 0 0 9 0 0 2 D 0 0 3 A 0 0 4 3 0 0 6 2 0 0 0 5 0 0 6 2 0 0 0 0 9 4 0 0 C 0 D 4 9 8 6 7 ♦ . <
0 4 2 8 E 0 C 0D A136 b 9 84 5C0E 2 4130CCC8 D 5 0 1 3  00 0 3 0 0 2 4 7 D 0 C0AED701 3 0 0 0 3 0 0 2 07  0 1 3 0 0  2 * .  ,
0 4 2 9 0 0 3 GOOD7 Cl 3 0 0 0 3 0 0 2 9 6 0 1 C 0 D 4 8 7 3 4C 0 8 E 9 1 0  ICO D4 4 7 80C 0C  2 9 4 0 1 C 0 D 4 8 6 5 6 C 08 A # .  <
0 4 2 9 2 0 0 0 0 2 4 7 F  ü CGEE0213 001100 GC 0 0 0 00 3 CD 0 C 79 0 0 4 0 9 1 0 8 8 0 5 6 0 0 0 0 0 0 0 2 0 0 0 4 2 9 2 9 ♦ . ,
0 4 2 9 4 0 00C0G0C2 0 0 0 4 2 9 2 F 0 0 04 2 D 1 E 9 8 2 8C 1 3 E 4 1 8 8 0 0 0 2 D 5 0 1 4 0 0 0 5 0 0 0 4 7 2 0 C 10E D20 1 * .  ,
0 4 2 9 6 0 800G40CC 8 7 4 2C 0 F 2 4 7 F 0C 12 A D2G180C0 5 0 0 0 8 7 5 6 C 0 F 2 4 1 8 8 0 0 0 2 D 2 0 1 8 0 0 0 4 0 0 0 *
0 4 2 9 8 0 8 7 4 2 C 1 1 6 47F0C1AA 4 1 8 8 0 0 0 2 0 2 0 1 8 0 0 0 5 0 0 0 8 7 5 6 C 1 2 A 4 7 F 0 C1AA00CC 0 0 0 0 0 0 0 2 *  • . <o<

0 4 2 9 A 0 0 0 0 4 2  9C 8 G0G429B8 0 0 0 42 9 C  A 0 0 0 0 0 0 0 2 0 0 0 4 29 D E 00 04 29 DE 0 0 0 0 0 0 0 1 0 0 0 5 0 0 0 7
0 4 2 9 C 0 0008G0ÖA 0C 14C018 0 0 1 9 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 4 0 0 0 6 0 0 0 8 0 0 0 9 0 0 0 F 0 0 1 1 0 0 1 2 0 0 1 5 # , ,
0 4 2 9 E 0 0 0 0 0 0 0 0 G o c o o o o o o OCOOOOOO OCOOOOOO OCOOOOOO 0 0 0 0 0 0 0 0 OOOOOOGO 0 0 0 0 0 0 0 0 *. ,
0 4 2 A 0 0 OOOGOGOG GGGOOOCO 0 0 0 5 5 8 D D 0 0 0 4 9  8 EC D00C07FE 1 8 D 5 9 1 0 4 0 0 0 4 E F 6 8 0 0 0 0 0 0 0 0 *  • .
0 4 2 A 2 0 9 5 1 A4 78 G 9 3 5 8 9 1 4C 8 0 0 5 4 7 1 0 Q3 5 8 47 F  0 9 3 D E 9 5 0 0 7 0 A 2 4 7 7  0 9 3 5 8 9 1 1 0 7 0 A 0 4 7 8 0 * .  ,
0 4 2 A 4 0 9358D7G1 70G870 C8 5 8 4 0 9 5  IA 5 8 A094D2 4 7 F C 9 4 7 6 C 0 0 6 4 9 2  0 0 0 0 6 3 5  EO 0 0 0 5 E 5 A 8 *  . -

>o

0 4 2 A 6 0 90ECDG0C 05CGG4F0 0 7 0 0 4 1 1 0 C 010  0 51 1 0 F 0 4 2 B 0 4 7F FF 0A 0E 5 8 B 0 0 0 10 9 1 1 0 B 0 7 4 * .  ,

0 4 3 0 2 0 4AG096DE 4 0 0 5 0 0 0 0 4 7 F 0 9 5 C 6 4 8 6 09 B EE 8 A6G0001 4 7 7 0 9 6 9 E 4 8 6 09 C  26 4 1 6 6 0 0 0 1 *  . ,
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LOC

SIMPLE SELECTION PAGE 5

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

12 8  *
1 2 9  *
13 0  *
131 *
132  *
133  *
1 3 4  *
1 3 5  *
1 3 6  *
13 7  *
138  *
13 9  *
1 4 0  *
141 *

ANSWERS FOR THE SELECTION SORT.

1 .  THE DATA WOULD BE SORTED IN DESCENDING RATHER THAN 
ASCENDING SEQUENCE.

2 .  THERE WILL BE THREE EXCHANGES DURING THE F I RS T SCAN; 
ITEMS 67 £ 5 8 ,  58 £ 4 5 ,  AND 45 £ 3 .

3 .  THE 58  WI LL  BE I N  THE 5TH P O S I T I O N  AFTER SCAN 2 ,  AND THE 
L I S T  W I LL  LOOK L I K E :  3 , 0 9 , 9 8 , 6 7 , 5 8 , 4 5 .

0 0 0 1 0 3 0 0  
0 0 0 1 0 4 0 0  
0 0 0 1 0 5 0 0  
0 0 0 1 0 6 0 0  
0 0 0 1 0 7 0 0  
0 0 0 1 0 8 0 0  
0 0 0 1 0 9 0 0  
0 0 0 1 1 C 0 0  
0 0 0 1 1 1 0 0  
CO 0 1 1 2 0 0  
0 0 0 1 1 3 0 0  
0 0 0 1 1 4 0 0  
0 0 0 1 1 5 0 0  
0 0 0 1 1 6 0 0



EXCHANGING PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 ST NT SOURCE STATEMENT F08APR70

143 *
144
145 THE EXAMPLE OF THE SELECTION SORT WHICH YOU HAVE JUST SEEN
146 * WILL EXECUTE THE SAME NUMBER OF SCANS REGARDLESS OF WHETHER
147 OR NOT THE DATA IS ALREADY IN THE DESIRED ORDER. THERE ARE
1 48 * MANY TYPES OF SORT THAT CAN TAKE ADVANTAGE OF THE NATURAL
149 * ORDER OF THE DATA TO BE SORTED. THE REMAINING EXAMPLE
150 & TO BE STUDIED I S  OF T H I S  V A R I E T Y .  THI S PARTICULAR METHOD IS
151 * THE ONE CALLED "E X CH A NG IN G" , WHICH COMPARES THE F I RS T  ITEM
152 £ TO THE SECOND, EXCHANGES THEM IF REQUIRED,  THEN COMPARES
153 * THF SECOND ITEM TO THE T H I R D , THIRD TO THE FOURTH, AND SO ON.
154 * THE SORT I S  COMPLETE WHEN NO EXCHANGES OCCUR ON A SCAN, OR
155 * WHEN N - l  SCAMS HAVE BEEN MADE •
156 3*=
157 # LEGEND:  TWO VER TI CAL LY ADJACENT ITEMS WITH < ' S  NEXT TO THEM
15 8. sjc ARE BEING COMPARED. THE UNDERSCORE I N D IC A TE S
1 59 * THE LOGICAL END OF THE L I S T .
160
161 * COMPARE UQ #1 #2 #3 #4 #5
162 *
163 * ❖ 5< 5 5 5 5 5
164 * D 6< 6< 4 4 4 4
165 * A 4 4< 6< 1 1 1 END OF SCAN # 1 .
166 * T 1 1 1< 6< 2 2
167 ❖ A 2 2 2 2< 6< 3
168 * ❖ _ 3 _ 3 _ 3 _ 3 _ 3 <  _ 6
1 6 9 *
170 * AS YOU CAN SEE , THE EXCHANGE TECHNIQUE CAUSES THE LARGEST
171 * ITEM IN THE L I S T  TO BE PUSHED TO THE BOTTOM OF THE L I S T  AT
172 * £ACH SCAN,  SO THERE IS NO NEED TO COMPARE I T  ON THE NEXT
173 * SCAN •
174 *
175 * £ 5< 4 4 4 4
1 7 6 * D 4< 5< 1 1 1 END OF SCAN HZ.
177 * A 1 1< 5< 2 2
178 * T 2 2 2< 5< 3
179 A _ 3 _ 3 _ 3 - 3  < _ 5
18 0 * 6 6 6 6 6
181 *
182 * * 4< 1 1 1
183 * D 1< 4< 2 2 END OF SCAN # 3 .
184 £ A 2 2< 4< 3 ( E S S E N T I A L L Y ,  T H I S  IS  THE END
18 5 * T _ 3 _ 3 _ 3 < _ 4 OF THE SORT,  SINCE THE L I S T
186 A 5 5 5 5 I S  IN ORDER, HOWEVER, ONE
1 8 7 * * 6 6 6 6 MORE SCAN I S  TAKEN,  AND WHEN
188 * NO SWAPS ARE MADE, WE Q U I T . )
189 *5 * *  *  $ # * * # * # * # #  5{£ *  * * *  J * # * *  Jfc*#** * * # # # * : { £ *  3js Jjs #

0 0 0 1 1 8 0 0  
0 0 0 1 1 9 0 0  
0 0 0 1 2  OCO 
0 0 0 1 2 1 0 0  
0 0 0 1 2 2 0 0  
C 0 0 1 2 3 0 0  
0 0 0 1 2 4 0 0  
0 0 0 1 2 5 0 0  
0 0 0 12 6 CÜ  
0 0 0 1 2 7 0 0  
0 0 0 1 2 8 0 0  
0 0 0 1 2 9 0 0  
0 0 0 1 3 0 0 0  
0 0 0 1 3 1 0 0  
0 0 0 1 3 2 0 0  
0 0 0 1 3 3 0 0  
0 0 0 1 3 4 0 0  
0 0 0 1 3 5 0 0  
0 0 0 1 3 6 0 0  
0 0 0 1 3 7 0 0  
0 0 0 1 3 8 0 0  
0 0 0 1 3 9 0 0  
0 0 0 1 4 0 0 0  
0 0 0 1 4 1 0 0  
0 0 0 1 4 2 0 0  
0 0 0 1 4 3 0 0  
0 0 0 1 4 4 0 0  
0 0 0 1 4 5 0 0  
0 0 0 1 4 6 0 0  
0 0 0 1 4 7 0 0  
0 0 0 1 4 8 0 0  
0 0 0 1 4 9 0 0  
0 0 0 1 5 0 0 0  
0 0 0 1 5 1 0 0  
0 0 0 1 5 2 0 0  
0 0 0 1 5 3 0 0  
0 0 0 1 5 4 0 0  
0 0 0 1 5 5 0 0  
0 0 0 1 5 6 0 0  
0 0 0 1 5 7 0 0  
0 0 0 1 5 8 0 0  
0 0 0 1 5 9 C 0  
0 0 0 1 6 0 0 0  
0 0 0 1 6 1 0 0  
0 0 0 1 6 2 0 C  
0 0 0 1 6 3 0 0  
0 0 0 1 6 4 0 0

9/16/70
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CHART EXCHANGE
PAGE 001 OF 001

OUTSIDE
A 2 * * * * * * * * *  *  ❖ sflea{c3jcsfr:

*  START OF THE =8c ♦POINT TO START * * *
♦EXCHANGE SORT. ❖ ------ --------> *  OF L IS T  OF *< — —  *  A3 ❖
* * *  ITEMS. ❖ * *

*  3jC # £ *  3{S # # # £ $ *t # # # ❖
# * * # * £ £ * * ❖  3is:

V
INSIDE . * .

B3 * .. sje £ . * # # #
NO . *  ITEMS OUT * .  *  *

+ —  * .  OF ORDER ? . *< ------- *  B3 *
={« . # # # ❖

* .  .  *
*  YES

V

*  EXCHANGE THE *
*  TWO ITEMS AND *
*  SET THE *  
♦EXCHANGE FLAG. *
*  Jjc
*  *  *  $ *  sjc $ *  *  jjt *  *  *  *  *  £ #

+--------->

V
NOSWAP . * .

D3 * .
ajc 3{c 3{c sjc

*  *  NO .♦END OF T H IS * .
*  B3 * < ------  * .  SCAN ? . *
*  *  * .  . ❖

* * * *  jje # . *
* .  .  *

*  YES

OUT

# * * * £ 2 * * * * * * * * *
# *
*  RETURN. *< -* *

*  *
*  E2 *

V
. * .

E3 * .
.  * *.

NO . *  IS THE * .  YES
+<------ * . EXCHANGE F LA G .*  -----

* .  ON ? . *
* .  . *

* .  . *
*

* * £ 4 .  * * * $ * * *
£ *

*  RESET THE *
-> *  EXC HAN GE FLAG. ** *

* *
s!> ̂  ^  ̂  ^  ̂  ̂

*  *
*  E2 *
*  *

A

| YES
. * .

E 5 * . ^

. *END OF T H E ** .  
> * .  LI ST ? . *

* .  . *
* .  . *

*  • • *
*  NO
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EXCHANGING.

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70

0 0 0 0 8 2 9 4 0 0 CCD4 OGODA 2 0 4 NI F L A G , 0 SET THE EXCHANGE I NDICATUR OF F.
0 0 0 0 8 6 9 8 67 CODA OOOEO 2 05 LM R 6 , R 7 , = A ( L ' E X I N P U T , EX INPUT + L 1 EX I NPUT+ 1)
0 0 0 0 8 A 1 3 6 6 2 0 6 LCR R 6 , R 6 NEGATIVE FOP BACKING THRU L I S T .
00 00 8C 9 8 4 5 C0E2 00 0 E8 2 0 7 LM R 4 , R 5 , = A ( L * E X I N P U T , EX INPEND—L * EX I N P U T - 1)
0 0 0 0 9 0 4 1 3 0 C0C8 OOOCE 208 OUTSIDE LA R 3 , EXINPUT START OF L I S T

20 9 *■
0 0 0 0 9 4 21 0 I N S I D E EQU ❖ T H I S  LOOP DOES THE EXCHANGING.
0 0 0 0 9 4 D 5 0 1 3 0 0 0 3002 0 0 0 0 0 0 0 0 0 2 211 CLC 0 ( L ' EX I N P U T , R 3 ) , L * E X I N P U T ( R 3 )
00 0 0 9 A 47D0 C CAE C 0 0 3 4 2 1 2 BNH NOSWAP I F  IN ASCENDING SEQUENCE, NO CHANGE
0 0 0 0 9 E D7 01 3 0 0 0 3 002 OGOOO 0 G0 02 2 1 3 XC O I L *  E X I N P U T , R 3 )  ,L« EX I N P U T ! R 3 )  OTHERWISE,
0 0 0 0 A 4 D7 01 3 0 0 2 30 0  0 0 0 0 0 2 0 0 0 0 0 2 1 4 XC L • E X I N P U T ( L *  E X I N P U T , R3 Ï  , 0 ( R 3 )  EXCHANGE
OOOOAA D701 3 0 0 0 3 0 0 2 OGOOO COCO 2 2 1 5 XC O I L *  E X I N P U T , R 3 ) , L * E X I N P U T ( R 3 ) THE E N TR I E S .
OOOOBO 9601 C0D4 GOODA 2 1 6 01 F L A G ,1 I N D I C A T E  THAT AN EXCHANGE TOOK PLAC
0 0 0 0 B 4 87 34 C08E 0 0 0 9 4 2 1 7 NOSWAP BXLE R 3 , R 4 , I N S I D E CONTINUE TO END OF SCAN.
0C00B8 9 1 0 1 CGD4 GOOD A 2 18 TM F L A G , 1 D ID  AN EXCHANGE TAKE PLACE IN T HI S
OOOOBC 4 7 8 0 C0C2 0 0 0 C 8 21 9 BZ OUT SCAN ? NO, L I S T  I S  I N  ORDER, Q U I T .
COOOCO 9 401 CCD4 OGODA 220 NI F L A G , 1 YES,  RESET THE I N DI C A T O R ,  AND SCAN
0 0 0 0 C 4 8 656 CG8A 0 0 0 9 0 221 BXH R 5 , R 6 , O U T S I D E CONTINUE TO THE LAST SCAN.

2 23  *
2 2 4  * TAKE A DUMP TO SEE I F  THE SORT WORKED.
2 2 5  *

0 0 0  OC8 0 0 0 2 2 2 6  OUT DC H* 2 *
OOOOCA 4 7 F 0  COEE 0 0 0 F 4 22 7 B PASTEXCH BRANCH AROUND T AB L E.

229 * DATA L I S T  USED AS INPUT FOR THE EXCHANGING SORT ROUTINE.
OOOOCE 0213GG11OOGC0OG0 2 3 0 EXINPUT DC H ' 5 3 1 , 1 7 , 1 2 , 0 , 9 7 3 , 1 2 1 *
OOOODA 231 EXINPEND EQU ❖
OOOODA 00 23 2 FLAG DC X ' 0 * EXCHANGE I N D I C A T O R .

2 3 A
2 3 5
2 3 6
2 3 7
238
2 3 9
2 4 0
241
24 2
2 4 3
2 4 4
24 5
2 4 6
2 4 7
2 4 8
24 9  
2 50 
251

*
*  ANSWER THESE QUESTIONS ABOUT THE " EXCHANGING"  SORT ROUTINE.
*

WHICH INSTRUCTIONS ACTUALLY EXCHANGE OUT OF SEQUENCE 
ITEMS ?

WHICH VALUE W I L L  BE AT THE LOW ADDRESS END OF THE L I S T  
AFTER 3 SCANS ?

❖ 3 .  HOW MANY DATA MOVES WILL BE MADE DURING THE F I RS T  SCAN ?
*
*  4 .  WHICH I N S T R U C T I 0 N ( S )  LOWER THE ADDRESS OF THE HIGH END
*  OF THE L I S T  ?
*
******** WHEN YOU GET HERE,  SHOW THE RED S IDE OF THE "ANSWER C U E " .
❖
* **********************************************************************

AGE 8

9 / 1 6 / 7 0

0 0 0 1 7 9 0 0
0 0 0 1 8 0 0 0
0 0 0 1 8 1 0 0
0 0 0 1 8 2 0 0
0 0 0 1 8 3 0 0
0 0 0 1 8 4 0 0
0 0 0 1 8 5 0 0
0 0 0 1 8 6 0 0
0 0 0 1 8 7 0 0
0 0 0 1 8 8 0 0
0 0 0 1 8 9 0 0
0 0 0 1 9 0 0 0
0 0 0 1 9 1 0 0
0 0 0 1 9 2 0 0
0 0 0 1 9 3 0 0
0 0 0 1 9 4 0 0
0 0 0 1 9 5 0 0
0 0 0 1 9 6 0 0

0 0 0 1 9 8 C 0
0 0 0 1 9 9 0 0
0 0 0 2 0 0 0 C
0 0 0 2 0 1 0 0
00020200

0 0 0 2 0 4 0 0
0 0 0 2 0 5 0 0
0 0 0 2 0 6 0 0
0 0 0 2 0 7 0 0

0 0 0 2 0 9 0 0
0 0 0 2 1 0 0 0
0 0 0 2 1 1 0 0
0 0 0 2 1 2 0 0
0 0 0 2 1 3 0 0
0 0 0 2 1 4 0 0
0 0 0 2 1 5 0 0
0 0 0 2 1 6 0 0
0 0 0 2 1 7 0 0
0 0 0 2 1 8 0 0
0 0 0 2 1 9 0 0
00022000
0 0 0 2 2 1 0 0
00022200
0 0 0 2 2 3 0 0
0 0 0 2 2 4 0 0
0 0 0 2 2 5 0 0
0 0 0 2 2 6 0 0



F. P REGS 0 C. 0 1C D2 G 00 0 1D 5C 8 4 Q . C 4 D 1 3 2  C 0 0 0 0 0 5 0 F D . 0 0 0 0 0 0  0 0 0 0 0 0 0 0  0 0 . 1 2 C 0 0 2  0 0 C 0 0 0 0 0

REGS 0—7 FFFF FF2 E 0 0 0 4 E F F 8  0 0 0 4 2 8 D 2  0 0 0 4 2 9 2 C  0 0 C 0 0 0 0 2  0 0 0 4 2 9 2 9  FFFFFFFE 0 0 0 4 2 9 2 9
REGS 8 - 1 5  G001D5C8 COOCGGOO 0 0 0 1 D 5 F 0  0 0 0 0 0 0 0 0  6 F 0 4 2 8 5 E  0 0 0 4 2 A 1 4  0 0 0 0C 7D 4  00 Ü4 2D1E

o c o o o o 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 C 0 0 0 0 0 0 0 0 OOCOOOO0 0 0 0 4 2 8 5 8 0 0 0 0 0 0 0 0 F F 0 4 0 0 8 C A 000A93C *  .
0 0 0 0 2 0 FFA5C003 6 F 0 0 7 5 8 8 F F A 5 00 0 1 5 F Q429 2  2 OQOOFFOO 0 0 0 0 0 0 0 0 F F 0 6 0 2 3 3 8 0 0 0 0 0 0 0  • *  .
0 0 0 0 4 0 OOG0 1 3 6 0 0800G0C0 0 0 0 0 1 3 5 8 0 0 0 0 5 9 2 0 0 2 C0 1D A4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 ♦ .
0 0 0 0 6 0 0GC40GGC 0 0 u 0 7  BC8 0 0 0 4 0 0 0 0 0 0 C 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D 1 C C C040 000 0 0 0 0 7  5 1 A *  .

042 840 4 1 2 2 0 0 0 1 47FG66CA D203F00G 6 6 F 9 5 8 2 0 5 8 A C 41 F F 0 0 0 4 0 7 F F 90EC00GC 0 5 C 0 4 1 F 0 *  .
0 4 2 8 6 0 C 1B 650FD 00Ü85GDF 0 0 0 4 1 8 D F D 7 0 3 0 0 0 8 D 00858FO C0EAD201 F 0 0 0 C 0 2 2 4 7 F Ü C 0 2 4 # a
0 4 2 8 8 0 G7FE412G C 0 7 4 4 8 3 0 CO7 6 4 1 4 0 C 0 6 A 4 1 5 4 0 0 0 2 D 5 0 1 4 0 0 0 5 0 0 0 4 7 4 0 C 0 5 0 D 2 0 1 C 07 8 *  .
C428A0 4 0 0 0D 2  01 40 0 0 50 0  0 D 2 01 5 00 G C 07 8 1 9  5 2 47 B0 C0 5 E 4 1 5 5 0 0 0 2 47  F0C034 4 1 4 4 0 0 0 2 *
042 800 4 6 3 0 C 0 3 0 4 7 F 0C 0 7 A 0 0 0 3 0 0 0 9 CQ2D003A 0 0 4 3 0 0 6 2 0 0 0 5 0 0 6 2 0 0 0 0 9 4 0 0 C 0 D 4 9 8 6 7 *  . ..................................................... M,
0 4 2 8 E 0 C 0D A 13 6 6 9 8 45 C0 E 2 4 1 3 0 C 0 C 8 0 5 0 1 3 0 0 0 3 0 0 2 4 7 D 0 C0AED701 3 0 0 0 3 0 0 2 D 7 0 1 3 0 0 2 ❖ . . . H N .......................P ............. P.  .
0 4 2 9 0 0 3 GOOD 701 3 00 03  OC 2 9 6 0 1 C 0 D 4 8734CC8E 9 1 0  ICO D4 4 7 80 C 0 C 2 9 4 0 1C 0D 4 8 6 5 6 C 0 8 A * .
0 4 2 9 2 0 00 Ü2 47F Ü COEEOOOO C00C0 011 0 0 7 9 0 2 1 3 0 3 C D0 1 40 9 1 0 8 8 0 5 6 CC0000G2 0 0 0 4 2 9 2 9 *  .
0 4 2 9 4 0 0CÖ0G002 0 0 0 4 2 9 2 F 0 0 042D 1E 9 8 2 8 C 1 3 E 4 1 8 8 0 0 0 2 D 5 0 1 4 0 0 0 5 0 0 0 4 7 2 G C 10E D20 1 *  .
0 4 2 9 6 0 800040 ÖG 8 7 4 2C 0 F 2 47 F0C12 A D 2 0 1 8 0 0 0 5 0 0 0 8 7 5 6 C 0 F 2 4 1 8 8 0 0 02 D 2 0 1 8 0 0 0 4 0 0 0 *  . • « • « «2 , O A . K ....................2 . . . .K . . . . *
0 4 2 9 8 0 87 42 C1 1 8 47F0C1AA 4 1 8 8 0 0 0 2 D 2 0 1 8 0 0 0 5 0 0 0 8 7 5 6 C 1 2 A 4 7 F 0 C 1 A A 00 00 0 0 0 0 0 0 0 2 *  .
0 4 2 9 A 0 0 0042  9C 8 0 0 0 4 2 9 B 8 0 0 0 4 2 9 C A 0 0 0 0 0 0 0 2 00G429DE 0 0 0 4 2 9  DE 0 0 0 0 0 0 0 1 C 0 0 5 0 0 0 7 *  . ..............................................................*
0 4 2 9CG 0 0 0 8 0 0 0 A 0 0 1 4 0 0 1 8 0 0 1 9 0 0 0 1 00 C2 0C0  3 0 0 0 4 0 0 0 6 0 0 0 8 0 0 0 9 OOOFOO11 0 0 1 2 0 0 1 5 *  •
C429 E0 o o o o c o o o 0 0 0 0 0 0 0 0 OCOOOOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OCOOOOOO 0 0 0 0 0 0 0 0
0 4 2 AGO OOOOOOOG CGCOCÖCO 0 0 0 5 5 8 0 0 00C498EC D0ÜC07FE 1 8 0 5 9 1 0 4 Ü 004 EF 68 GOOOOOOO *  .
0 4 2 A 2 0 9 5 1 A 4 7 8 C 9 3 5 8 9 1 4 0 80 C5 471 C 9 3 5 8 4 7 F 0 9 3 D E 9 5 0 0 7 OA247 7  0 9 3 5 8 9 1 1 G 7 0 A 0 4 7 8 0 *  .
0 4 2 A 4 0 93 58D 7C 1 7 0 G8 7 0 0 8 584 095 1 A 5 8 A094 D2 4 7 F C 9 4 7 6 0 0 0 6 4 9 2 G 0 0 0 6 3 5  EO CC05E5A8
0 4 2 A 6 0 9CECD00C G5CC04F0 07 0 0 4 1 1 0 CO 100 511 0 F 0 4 2 B 0 4 7 F FF 0A 0E 5 8 B 0 0 0 1 0 9 1 1 C B 0 7 4 *  , ............................................. .. ............. *

-  0 4 3 0 2 C 4 AG09BDE 4 0 0 5 0 0 0 0 4 7 F 0 9 5 C 6 4 8 6 09 B E E 8 A 6 0 0 0 0 1 4 7 7 0 9 6 9 E 4 8 6 0 9 C 2 6 4 1 6 6 0 0 C 1 * .



EXCHANGING PAGE 9

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

GOOOEO
OOOOEO 00000Ö02G0GG00D1 
0 0 0 0 E 8  000000G2CGGGG0D7 
O O O O F 0 OOOOOOGO 
0 0 0C F4

2 5 4  * ................................................................................ ...............................................................................................................  0 0 0 2 2 9 0 Ü
2 5 5  *  0 0 0 2 3 0 0 0
2 5 6  *  ANSWERS FOR THE EXCHANGING SORT SAMPLE.  0 0 0 2 3 1 0 0
25 7  *  0 0 0 2 3 2 0 0
2 5 8  *  1.  THE THREE ' X C *  INSTRUCTIONS DO THE EXCHANGING.  0 0 0 2 3 3 0 0
2 5 9  *  0 0 0 2 3 4 0 0
2 6 0  *  2 .  THE ZERO ( 0 )  W I L L  BE AT THE START OF THE L I S T  AFTER SCAN 3 .  0 0 0 2 3 5 0 0
261 *  0 0 0 2 3 6 0 0
2 6 2  *  3 .  THERE WI LL  BE 4 MOVES, P A I R S :  531 8 1 7 ,  531  8 1 2 ,  53 1  8 0 ,  0 0 0 2 3 7 0 0
2 6 3  *  AND 9 7 3  8 1 2 1 .  0 0 0 2 3 8 0 0
2 6 4  *  0 0 0 2 3 9 0 0
2 6 5  *  4 .  THE ' BXH R 5 , R6 , OUTSIDE • LOWERS THE ADDRESS OF THE HIGH 0 0 0 2 4 0 0 0
2 6 6  *  END OF THE L I S T .  0 0 0 2 4 1 0 0
2 6 7  *  0 0 0 2 4 2 C 0
2 6 8  * .................................................................................................................................................................................................  0 0 0 2 4 3 0 0
2 6 9  LTORG 0 0 0 2 4 4 0 0
27 0 =A(  L '  E X I N P U T , E X I N P U T + - L 1 E XI NP UT- H  )
271 = A ( L *  EX I N P U T , E X I N P E N D - L * E X  I N P U T - 1)
27 2  = V ( PCHKRETN)
27 3  PASTEXCH DS OH 0 0 0 2 4 5 0 0



MERGE

* * * * AI * * * * * * * * *
$ $
*  START *
* *  

* * * * * * * * * * * * * * *

* * * * *  0 1 * * * * * * * * * *  
*  *
♦ HOUSEKEEPING -  *
♦ REGISTER *
♦ I N I T I A L I Z A T I O N . *
♦ * 
* * * * * * * * * * * * * * * * *

COMPAREM V
* * d * * * * * * *

* *
*  UPDATE *  .

*  POINTER INTO *  <-  
♦MERGED L I S T .  *

*  *
***********

• + < -

* * * *
* *
♦ C l  ♦
* * 

* * * *
V NO

. ♦ .
D1 ♦ . * * * * * 0 2 * * * * * * * * * * D3 ♦ .

. *  * . *  * . * ♦ .
. ♦  COMPARE ♦ .  1<= 2 ♦MOVE A STRING1 ♦ .♦ END OF ♦ ,

♦.  STRING1 TO . *  ----------- — > * I T E M  TO MERGED ♦ ----- --------- > * .  STRING1 ?
♦ . S T R I N G 2 .  .♦ ♦ L I S T .  ♦ ♦ . . ♦

♦ . .♦ *  * ♦ . . ♦
* .  . * * * * * * * * * * * * * * * * * * ♦ . . ♦

YES

♦ I  >2

OUTSTNG2 V* * * * *  01 * * * * * * * * * *  
$ $ 
♦MOVE A STRING2 ♦ 
♦ITEM TO MERGED ♦
♦ L I S T .  ♦
* * 
*****************

* * * *
*  *
♦ C l  ♦ < - +
* * I

* * * *  | no
. ♦ .

E 2 ♦ .

.♦  * * END OF 
- > ♦ .  STRING2 ? 

♦ .
♦ .  .♦

♦ .  . ♦
♦

FLUSH I*****53********** 
* *

♦ .  YES *  MOVE REST OF ♦
. * ---------------->♦ STRING1 TO ♦

♦ ♦ MERGED L I S T .  ♦
* ♦*****************

CHART MERGER
PAGE 001 OF 001

FLUSH2* * * * * 0 4 * * * * * * * * * *  
*  *
♦ FLUSH BALANCE ♦ 

— >♦ OF STRING2 TO ♦
♦ MERGED L I S T  ♦
♦ * 
* * * * * * * * * * * * * * * * *

F I N I S H E D
V* * * * 0 4 * * * * * * * * *

* *
----->♦ RETURN.  ♦

* *
* * * * * * * * * * * * * * *



MERGING, COMBINING SORTED L I S T S .  PAGE 11

LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8 AP R7 0 9 / 1 6 / 7 0

291 # # 3{c # # # # Sjf 5{c ;{: s|s # # ̂  sjt # # # # if * %. # * # sjt # ̂  :£ # j}; *c # # *  ̂  j{c sje *  « # $ *  *  # ̂  3̂ jjt 5̂  ̂  # sjc # sjt s'; *  ̂  :£ # # sjt # 0 0 0 2 6 3 0 0
2 92 ❖ 0 0 0 2 6 4 0 0
293 * AFTER TWO OR MORE GROUPS OF DATA ITEMS HAVE BEEN SORTED, THE 0 0 0 2 6 5 0 0
2 94 NEED FREQUENTLY ARISES TO MERGE THOSE GROUPS INTO A S INGLE 0 0 0 2 6 6 0 0
2 9 5 GROUP OF SEQUENCED I T EM S.  I N  GENERAL,  MERGING I S  A TECHNIQUE 0 0 0 2 6 7 0 0
2 9 6 * THAT COLLATES SEVERAL SEQUENCES OF DATA ITEMS TO FORM A 0 0 0 2 6 8 0 0
2 9 7 ❖ SINGLE SEQUENCE. MERGING,  THEN,  IS  A R EL AT I VE LY  SIMPLE 0 0 0 2 6 9 0 0
2 98 * PROCESS, AS CAN BE SEEN I N  THE FOLLOWING EXAMPLE. 0 0 0 2 7 0 0 0
29 9 0 0 0 2 7 1 0 0
30 0 * * ÉïJcjJ:## # # # # # # # # # # #  ## s’: j{s # # * # # # #  jjt# * 0 0 0 2 7 2 0 0

302 £ ̂  *  ;Js £ £ 0 0 0 2 7 4 0 0
3 03 * 0 0 0 2 7 5 0 0
3 0 4 ❖ THI S ROUTINE W I LL  MERGE TWO STRINGS (SEQUENCES) OF DATA 0 0 0 2 7 6 0 0
3 0 5 * NAMED • S T R I N G ! »  AND • STRING2 * INTO THE AREA CALLED • MERGED* • 0 0 C 2 7 7 0 0
3 06 * 0 0 0 2 7 8 0 0
30 7 0 0 0 2 7 9 0 0

COOOF4 9828 C13E 0 0 1 4 4 3 0 8 MERGE LM R 2 , R 8 , CONSTNTS I N I T I A L I Z E  THE LOOP CONTROL REGS. 0 0 0 2 8 0 0 0
0 0 0 OF 8 4 1 8 8 0 0 0 2 G 0 0 0 2 3 0 9 COMPAREM LA R 8 , L * M E R G E D ( R 8 )  BUMP POINTER INTO MERGED L I S T . 0 0 0 2 8 1 0 0
OGOOFC D501 4 0 0 0 5 000 0 0 0 0 0 OOOOC 310 CL C 0 ( L * S T R I N G 1 , R 4 ) , 0 ( R 5 )  COMPARE STRING 1 TO STRING 2 . 0 0 0 2 8 2 0 0
0 0 0 1 0 2 4 7 2 0 C10E 0 0 1 1 4 311 BH 0UTSTNG2 STRING2 LOW, OUTPUT ONE I T E M . 0 0 0 2 8 3 0 0
0 0 0 1 0 6 D2C1 8 C G G 4 0 0 0 0 0 0 0 0 0 0 0 0 0 312 MVC 0 ( L » M E R G E D , R 8 ) , 0 ( R 4 )  OUTPUT ONE STRING 1 I T E M . 0 0 0 2 8 4 0 0
GOOIOC 8742 C OF 2 0 0 0 F8 313 BXLE R4,R2,COMPAREM CONTINUE TO END OF STRING 1 . 0 0 0 2  8 500

-* 0CQ110 47 F C C 12 A 0 0 1 3 0 31 4 B FLUSH2 THEN FLUSH STRING 2 . 0GC2860C
3  0 0 0 1 1 4 D201 80 00 5000 0 c 0 0 0 OCCOO 3 15 OUTSTNG2 MVC 0 ( L * M E R G E D , R 8 ) , 0 ( R 5) OUTPUT ONE STRING 2 I T E M . 0 0 0 2 8 7 0 0

0 0 0 1 1 A 8756 CGF2 0 0 0R 8 3 16 BXLE R5,R6, COMPAREM CONTINUE TO END OF STRING 2. 0 0 0 2 8 8 0 0
0 0 0 1 1 E 4 1 8 8 0 0 0 2 0 0 0 0 2 3 1 7 FLUSH1 LA R 8 , L ' M E R G E D ( R 8 ) 0 0 0 2 8 9 0 0
0 0 0 1 2 2 D201 8 0 00 40 00 0 0 0 0 0 OOGOO 318 MVC 0 ( L ' M E R G E D , R 8 ) , 0 ( R 4 )  THEN FLUSH THE REMAINDER OF STRING1 0 0 0 2 9 0 0 0
0 0 0 1 2 8 8 7 42 C 11 8 0 0 1  IE 31 9 BXLE R 4 , R 2 , F LUSHI  TO THE MERGED L I S T . 0 0 0 2 9 1 0 0
CCÖ12C 4 7  FO C 1 A A 001  BO 320 B F I N I S H E D  END OF STRING 1 ,  Q U I T . 0 0 0 2 9 2 0 0
0 0 0 1 3 0 41 88 00 02 0 0 G 0 2 321 FLUSH2 LA R 8 , L * M E R G E D ( R 8 ) 0 0 0 2 9 3 0 0
C 0 0 13 4 D 20 l 8 GO 0 5 0 00 0 u 0 0 0 OCGOO 322 MVC 0 ( L » ME RGE D, R8) , 0 ( R 5 I  FLUSH CONTENTS OF STRING 2 INTO THE 0 0 0 2 9 4 0 0
0 0 013 A 8756 C 12 A 0 0 1 3 0 323 BXLE P 5 , R 6 , F LUSH2 MERGED L I S T . 0 0 0 2 9 5 0 0
0 0 013 E 47FC C1 A A 0 0 1 B 0 3 2 4 B F I N I S H E D  END OF STRING 2 ,  Q U I T . 0 0 0 2 9 6 0 0

G 0 0 1 4  2 
0 0 0 1 4 4

0 0 0 0
0 0 0 0 0 0 0 2 0 0 0 0 0 1 7 0 32 6 CONSTNTS DC A ( L »STR I N G 1 , S T R I N G I N - L *  S T R I N G 1 , S T R I N G 1 ) Ü 0 0 2 °  8 0 0

0 0 0 1 5 0 0 0 0 0 0 1 7 2 0 0  GGGO02 32 7 DC A ( S T R I N G 2 , L '  STR I N G 2 , S T R I N G 2 N - L ' S T R I N G 2 ) 0 0 0 2 9 9 0 0
0 0 015 C 0 0 G 0 0 1 86 32 8 DC A(MERGED—L* MERGED) 00030ÜGC
0 0 0 1 6 0 0 0 0 0 0 C 0 1 G u 0 5 0 0 0 7 32 9 STRÏNG1 DC H * 0 , 1 , 5 , 7 , 8 , 1 0 , 2 0 , 2 4 , 2 5 » 00 C3 010 G
0 0 C17 2 3 3 0 STRING1N EQU ❖ 0 0 0 3 0 2 0 0
CC0172 G 0 0 10 0 C 2 u 0 0 3 0 0 G 4 331 STRING2 DC H » 1 , 2 , 3 , 4 , 6 , 8 , 9 , 1 5 , 1 7 , 1 8 , 21» 0 0 C 3 0 3 0 0
0 0 0 1 8 8 33 2 STRING2N EQU ❖ 0 0 0 3 0 4 G 0
0 G 01 8 8 CO 0 0 0 0 0 0 0 0 00 0 G G G 333 MERGED DC 2 0 H * 0* 0 0 0 3 0 5 0 0
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MERGING» COMBINING SORTED LISTS. PAGE 12

LOC OBJECT CODE ADDR 1 ADDR2 STMT SOURCE STATEMENT F0 8 APR 70 9 / 1 6 / 7 0

335 ***********************************************************************
3 3 6  *

ANSWER THESE QUESTIONS CONCERNING THE MERGING ROUTINE WHICH 
APPEARS ON THE PRECEEDING PAGE.

3 3 7  *
3 38  *
3 3 9  *
34-0 *
34 1  *
3 4 2  *
3 4 3  *
3 4 4  *
3 4 5  *
3 4 6  *
3 4 7  *
3 4 8  *
349 * * * * * * * *  WHEN YOU REACH T H I S  P O IN T ,  D ISPL AY THE BLUE SIDE OF YOUR
3 5 0  *  ' ANSWER C U E ' .
35 1  *
35 2  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

1 .  I F  EQUAL ITEMS ARE ENCOUNTERED IN  ' S T R I N G 1 '  AND ' S T R I N G 2 ' ,  
WHICH WI LL  BE PLACED IN 'MERGED'  F I RS T ?

2 .  USING THE VALUES GIVEN I N STRING1 AND S T R I N G 2 ,  WILL THE 
I NSTRUCTION LABELED ' F L U S H 2 '  EVER BE EXECUTED ?

3 .  USING THE SAME VALUES,  WHICH ITEM W I L L  BE THE 12TH I N THE 
MERGED L I S T ,  AFTER THE MERGE IS COMPLETE ?

0 0 0 3 0 7 0 0
0 0 0 3 0 8 0 0
0 0 0 3 0 9 0 0
0 0 0 3 1 0 0 0
0 0 0 3 1 1 0 0
0 0 0 3 1 2 0 0
0 0 0 3 1 3 0 0
0 0 0 3 1 4 0 0
0 0 0 3 1 5 0 0
0 0 0 3 1 6 0 0
0 0 0 3 1 7 0 0
0 0 0 3 1 8 0 0
0 0 0 3 1 9 0 0
0 0 0 3 2 0 0 0
0 0 0 3 2 1 0 0
0 0 0 3 2 2 0 0
0 0 0 3 2 3 0 0
0 0 0 3 2 4 0 0



C . P .  REGS

REGS 0 - 7  
REGS 8 - 1 5

000000
000020
0 0 0 0 4 0
0 0 0 0 6 0

0 4 2 8 4 0  
0 4 2 8 6 0  
0 4 2 8 8 0  
0428AG 
0 4 2 8C0 
0 4 2 8FG 
0 4 2 9 0 0  
0 4 2 9 2 0  
0 4 2 9 4 0  
04 2  96 C 
0 4 2 9 8 0  
0 4 2 9 A 0  
0429CC 
0 4 2 9 E 0  
0 4 2 AGO 
0 4 2 A 2 0  
0 4 2 A 4 0  
0 4 2 A60

-» 0 4 3 0 2 0
*vj

0 0 , 0 1 0 0 2 0  0 0 01 D5 C8 4 C , 0 4 0 1 3 2  0 0 0 0 0 0 5 0 FD.COOCOO OCOCOOOO 0 0 . 1 2 C 0 0 2  OCCOOOOO

FFFFFF2E
00O42AC6

0 0 0 4E FF  8 
OOOOGOOO

00000002
0 0 0 1 D 5 F 0

C 0 0 4 2 9 C 8
00000000

0 0 0 4 2 9 C A  0 0 0 4 2 9 E 0  0 0 0 0 0 0 0 2  C004 29DE  
6 F 0 4 2 8 5 E  0 0 0 4 2 A 1 4  000CC7D4 0 0 0 4 2 D 1 E

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 2 8 5 8 OOOOGOOO F F 0 4 0 C 8 0 A 0 00 A9 3C * . ,
FRA 5 0 0 0 3 ÓFGC7588 FF A 5 0 0 0 1 6 F 0 4 2 A 0 A OOOOFFOO 0 0 0 0 0 0 0 0 F F 0 5 0 1 3 5 8 0 0 6 D 3 5 8 *  .
Q 0 0 6 76 F 8 ' GCGÖÖO 0 1 0 0 0 0 1 4 6 8 0 0 0 0 5 9 2 0 0 2 C 0 1 3 A 4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 *. , ..........................................*
0 0 0 4 0 0 0 0 00007BC8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D 1 0 0 0 0 4 0 0 0 0 0 0 0 0 7 5 1 A ❖ ,

41220CC1 47FG66CA D 203 F00 C 6 6 F 9 5 8 2 0 5 8 A 0 4 1 F F 0 0 0 4 0 7 F  F 90ECD0GC 0 5 C 0 4 1 F 0 * .  ,
C1865CFD 00 08 50 DF 0 0 0 4 1 8 D F D 70 3 D 0 0 8 D 0 0 8 5 8 F 0 C0EAD201 F 0 0 0 C 0 2 2 4 7 F 0 C 0 2 4 * A,

ooo
0 7 F E 4 1 2 0 C 0 7 4 4 8 3 0 C 0 7 6 4 1 4 0 C 0 6 A 4 1 5 4 0 0 0 2 D 5 0 1 4 0 0 0 5 0 0 0 4 7 4 0 C 0  50 D 2 0 1 C 0 7 8 ♦ .
4 0 0 0 D 2 0 1 4 0 0 0 5 0 0 0 D 2G 1 50 00 C 0 7 8 1 9 5 2 4 7 B0 C0 5E 4 1 5 5 0 0 0 2 4 7 F 0 C 0 3 4 4 1 4 4 0 0 0 2 *
4 6 3 0 C 03  0 47 F 0C 07 A 0 0 0 3 0 0 0 9 0 0 2D 0 0 3 A 0 0 4 3 0 0 6 2 0 0 0 5 0 0 6 2 0 0 0 0 9 4 G 0 C 0 D 4 9 8 6 7 ❖ . ,
C0 DA 1 36 6 9845C0E 2 4 1 3 0 C 0 C 8 D 5 0 1 3 0 0 0 30 C2 4 7D 0 C0AED701 3 0 0 0 3 0 0 2 D7 0 1 3 0 0  2 *  .
30 0GD701 3 0 0 0 3 0 0 2 9 6 0 1 C 0 D 4 87 34 C0 8 E 9 1 01C0 D4 4 7 8 0 C 0 C 2 9 4 01 C 0 D 4 8 6 5 6 C 0 8 A *  . ,
0 0 0 2 4 7 F 0 CO EE0 0 00 00ÜCQ011 0 0 7 9 0 2 1 3 C 3CD01 40 9 1 088G5 6 0C0C0002 0 0 0 4 2 9 2 9
0 0 0 0 0  00 2 0 0 0 4 2  9 2 F 0 0 0 42 D1 E 9 8 2 8C 1 3 E 4 1 8 8 0 C 0 2 D 5 C 14 0 00 5 0 0 0 4 7 2 0 C10E D20 1 *  . ,
8 0 0 0 4 0 0 0 67 42 C0 F 2 4 7 F 0C 1 2 A D 2 0 1 8 0 0 0 5 0 0 0 8 7 5 6 C 0 F 2 4 1 8 8 00C2D201 8 0 0 0 4 0 0 0 ^ • <
8 7 4 2 0 1 1 8 47F0C1AA 4 1 8 8 0 0 0 2 D 2 0 1 8 0 0 0 5 0 0 0 8 7 5 6 C 1 2 A 4 7 F 0 C 1A A0000 OOOCOOO 2 *  , « <o<

Q00429C 8 CGG42 9B8 0 0 0 42 9 CA 0 0 0 0 0 0 0 2 0 0 0 4 29 D E 0 0 0 4 2 9 D E 0 0 0 0 0 0 0 1 0 0 0 5 0 0 0 7 * . ,
0 0 0 8 0 0 0  A 0 0 1 4 0 0 1 8 0 0 1 9 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 4 0 0 0 6 OOC 8 0 0 0 9 0 0 0 F 0 0 1 1 0 0 1 2 0 0 1 5 *. ,
0 0 0 00 0 C1 0 0 0 10  002 0 0 0 3 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0 8 0 0 0 8 0 0 0 9 OOOAOGOF 0 0 1 ICO 12 *
0 0 1 4 0 0 1 5 0 0 1 8 0 0 1 9 0 0 0 55 8 DD 0 0 04 9 8 E C D00C07F E 1 8 D 5 9 1 04 0Ö04EF68 0 0 0 0 0 0 0 0 *  . ,
9 5 1 A 4 7 8 0 93 5 8 9 1 4 C 8 0 0 5 4 7 1 0 9 3 5 8 4 7 F 0 9 3 D E 9 5 0 0 7 0 A 2 4 7 7 0 5 3 5 8 9 1 1 0 7 0 A 0 4 7 8 0 *. ,
9 3 5 60 7 01 7 0 0 8 7 0 0  8 5 84 09  5 1 A 5 8 A094D2 4 7 F 0 9 4 7 6 ÜQÜ64920 0 0 0 6  35 EG 0 0 0 5 E 5 A 8 * .  ,
90ECD0CC 05 C0G4F0 0 7 0 0 4 1 1 0 CO 1 0 0 5 1 1 OF 0 4 2 B 0 4 7FFF0A0E 5 8 B 0 Ü0 1 0 9 1 1 0 8 0 7 4

4 A009BDE 4 0 0 5 0 0 0 0 4 7 F 0 9 5 C 6 4 8 6 09 B E E 8 A 6 0 0 0 0 1 4 7 7 0 9 6 9 E 4 8 6 0 9 C 2 6 4 1 6 6 0 0 0 1 £ . ,

************************************************************************************************************************
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MERGING, COMBINING SORTED L I S T S . PAGE 13

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 / 1 6 / 7 0

3 5 4 ♦ ...................................................................................................... .. ................................... 0 0 0 3 2 6 0 0
3 5 5 * 0 0 0 3 2 7 0 0
3 5 6 *  ANSWERS TO THE QUESTIONS ON MERGING. 0 0 0 3 2 8 0 0
3 5 7 # 0 0 0 3 2 9 0 0
3 5 8 *  1 .  THE ONE FROM 1 S T R I N G 1 ■ WILL GO F I R S T ,  BECAUSE OF THE 0 0 0 3 3 0 0 0
3 5 9 *  1 BH 0UTSTNG2 '  I N STR UC TI ON . 0 0 0 3 3 1 0 0
3 6 0 * 0 0 0 3 3 2 0 0
361 *  2 .  NO, BECAUSE STRING2 W I LL  DRAIN (RUN OUT) BEFORE S TR I N G 1 . 0 0 0 3 3 3 0 0
3 6 2 * 0 0 0 3 3 4 0 0
3 6 3 *  3 .  THE 9 .  YOU MAY CHECK THIS  BY USING THE DUMP. 0 0 0 3 3 5 0 0
3 6 4 * 0 0 0 3 3 6 0 0
3 6 5  * ................................................................................................................................................................................................. Q 0 0 3 3 7 0 0

0 0 0 1 B 0 0 0 0 5 3 6 7 F I N I S H E D DC H * 5 * 0 0 0 3 3 9 0 0
0 0 0 1 B 2 58DD 0 0 0 4 0 0 0 0 4 36 8 L R 1 3 , 4 ( R 1 3 i 0 0 0 3 4 0 0 0
0 0 0 1 B 6 98EC DOOC OOOOC 369 LM R 1 4 , R 1 2 , 1 2 ( R 1 3 ) 0 0 0 3 4 1 0 0
0 0 0 1B A 07FE 3 7 0 BR R14 0 0 0 3 4 2 0 0
00 0 1B C 371 SAVEAREA DS 18F 0 0 0 3 4 3 0 0

3 7 2 END 0 0 0 3 4 4 0 0



RELOCATION DICT IONARY

P O S . I D REL . I D FLAGS ADDRESS

01 01 OC 0 0 0 0 E 4
01 01 OC 0 0 0 0  EC
01 01 OC 0 0 0 1 4 8
01 01 OC 00 0 14 C
01 01 OC 0 0 0 1 5 0
01 01 OC 0 0 0 1 5 8
01 01 OC 0 0 0 1 5 C
01 02 1C OOOOFO

oo

PAGE I

9 / 1 6 / 7 C



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES

#0F SCAN S 0 0 0 0 2 00007C 0 0 1 0 6 0 0 88
BR14 0 0 0 0 2 0 0 0 0 2 8 0 0 0 3 2 0 0 3 0 0031
COMPAREM 0 0 0 0 4 000GF8 0 0 3 0 9 0 3 1 3 0 3 1 6
CONST NT S 0 0 0 0 4 0 0 0 1 4 4 0 0 3 2 6 0 3 0 8
EXINPEND 0 0 0 0 1 OOOODA 0 0 2 3 1 0 2 0 7 0 2 71
EXI NPUT 0 0 0 0 2 OOOOCE 0 0 2 3 0 0 2 0 5 02 0 5 0 2 0 5 0 2 0 7 0 2 0 7 0 208 0 2 1 1 0 2 1 1 0 2 1 3

0 2 7 0 0 2 7 0 0 2 7 1 0 2 7 1
FINDLGW 0 0 0 0 2 0 0 0 0 8 0 0 0 1 0 8 0 1 0 2
F I N I S H E D 0 0 0 0 2 0ÜC1B0 0 0 3 6 7 0 3 2 0 0 3 2 4
FLAG 0 0 0 0 1 OOOODA 0 0 2 3 2 0 2 0 4 0 2 1 6 0 2 1 8 0 2 2 0
FLUSH 1 0 0 0 0 4 0 0 0 1 1 E 0 0 3 1 7 0 3 1 9
PLUSH2 0 0 0 0 4 0 0 0 1 3 0 0Q3 21 0 3 1 4 0 323
INSELECT 0 0 0 0 6 0 0 0 03 A 0 0 0 9 1 0 0 9 9
I N S I D E 0 0 0 0 1 0 0 0 0 9 4 0 0 2 1 0 0 2 1 7
MERGE OC 00 4 G0G0F4 0 0 3 0 8
MERGED 0 0 0 0 2 0 0 0 1 6 8 0 0 3 3 3 0 3 0 9 0 3 1 2 0 3 1 5 0 3 1 7 0 3 1 8 03 2 1 0 322 0 3 2 8 0 3 2 8
NOCHANGE 0 0 0 0 2 CO0 056 0 0 0 9 6 0 092
NOSWAP 00 0 C4 0 0 0 0 B 4 0 0 2 1 7 0 2 1 2
OUT 0 0 0 0 2 00 0GC8 CG226 0 2 1 9
OUTSIDE 0 0 0 0 4 0 0 0 0 9 0 0 0 2 0 8 0 2 21
OUTSLECT 0 0 0 0 4 0 0 0 0 3 6 0 0 0 9 0 01 01
0UTSTNG2 000C6 0 0 0 1 1 4 0 0 3 1 5 0 311
PASTE XCH 0 0 0 0 2 0 0 OOF4 0 0 2 7 3 0 2 2 7
RO 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3

5o R1 0 0 0 0 1 0 0 0 0 0 1 0 Q0 0 4
M RIO 0 0 0 0 1 OOC-GGA 0 0 0 1 3

R l l 0 0 0 0 1 OOuOGB 0 0 0 1 4
R12 0 0 00 1 OOGOGC 0 0 0 1 5 0 0 1 9 0 0 2 0 0 0 21 0 3 6 9
* 13 0 0 0 0 1 0 0 GOOD 0 0 0 1 6 0 0 1 9 0 0 2 3 0 0 2 4 0 0 2 5 0 0 2 6 0 0 2 6 0 3 6 8 0 3 6 8 0 3 6 9
R 1 4 0 0 0 0 1 0 0 0 0 GE 0 G0 1 7 0 0 1 9 0 0 3 2 0 3 6 9 0 3 7 0
R 15 0 0 0 01 OGOOOF 0 0 0 1 8 0 0 2 2 0 0 2 3 0 0 2 4 0 0 2 5 0 0 2 9 0 0 3 0
P2 000G1 0 0 0 0 0 2 0 0 0 0 5 0 0 8 7 0 0 96 0 3 0 8 0 3 1 3 0 3 1 9
R 3 0 0 0 0 1 0 0 G003 0 0 0 0 6 0 0 88 01 01 0 2 0 8 02 1 1 0 2 1 1 0 2 1 3 0 2 13 0 2 1 4 0 2 1 4
R4 00CG1 0 0 0 0 0 4 00001 0 0 8 9 00 90 00 91 0 0 9 3 0 0 9 4 0 1 0 0 0 1 0 0 0 2 0 7 0 2 1 7
R 5 0 0 0 0 1 0 C0 0 05 0 0 0 0 8 0 0 9 0 0091 0 0 9 4 CG95 0 096 0 0 9 8 0 0 98 0 2 0 7 0 2 2 1
R6 00CC1 0 0 0 0 0 6 0 0 0 0 9 0 2 05 0 2 0 6 02 06 0 2 2 1 0 3 1 6 0 3 23
R 7 00 001 0 0 0 0 0 7 0 0 0 1 0 0 2 0 5
R 8 00 001 0 ü C 0 o 8 0 0 0 1 1 0 3 0 8 0 3 09 0 3 0 9 0 3 1 2 0 3 1 5 0 3 1 7 0 3 1 7 0 3 1 8 0 3 2 1
R9 COCCI 000 009 0 0 0 1 2
SAVEAREA 0 0 0 u 4 OOG16C G0371 0022
SELECT 0 0 00 2 0 0 0 0 7 0 0 0 1 0 4 0 0 8 7 0 0 8 9 0 0 9 0 0 091 0 0 9 4 0 0 9 5 0 0 98 0 1 0 0 0 1 0 6
SELECTMP 0 0 0 0 2 Q0uu7  E 0 0 1 0 7 00 93 0095
SELECTNID 0 0001 C0GG7C 0 0 1 0 5 G087 01 0 6
SELECTST 0 0 0 0 4 00 00 64 0 0 1 0 0 0 097
SORTTECH 0 0 0 01 QOOOOO 0 0 0 0 1
STRING1 0 0 0 0 2 0 0 0 1 6 0 0 0 3 2 9 0 3 1 0 0 3 2 6 0 3 2 6 0 3 2 6
STRING1N 0 0 0 0 1 GOG 172 0 0 3 3 0 03 26
STRING2 0 0 0 0 2 0 0 0 1 7 2 0 0 3 3 1 0 3 2 7 0 3 2 7 0 3 2 7
STRING2N 0 0 0 0 1 0 0 0 1 8 8 0 0 3 3 2 0 3 2 7

0 2 1 3

0 2 1 5
0 3 1 0
0 3 1 0

0 3 2 1

0 1 0 6

0 2 1 4  0 2 1 4  0 2 1 5  0 2 15

0 2 1 5 0 2 1 7
0 3 1 2 0 3 1 3 0 3 1 8 0 3 1 9
0 3 1 5 0 3 1 6 0 3 2 2 03 2 3

0 3 2 2

9 / 1 6 / 7 0

0 2 7 0
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DIAGNOSTICS PAGE 1

STMT ERROR CODE MESSAGE 9 / 1 6 / 7 0

NO STATEMENTS FLAGGED I N  T H I S  ASSEMBLY
^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N )  = 3 4 4  SOURCE RECORDS t S Y S L I B )  = 25
^OPTIONS I N  EFFECT*  L I S T ,  NODECK, LOAD,  NORENT,  XREF,  NOTEST,  A LGN , OS,  L I NE CN T = 55

44 6  PRINTED L IN ES



F 4 4 - L E V E L

IEWOOOO

LINKAGE EDITOR OPTIONS S P E C I F I E D  MAP, L E T , L I  S T , NCAL 
VARIABLE OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 ) -  

ENTRY U T I L I T Y
DEFAULT OPT I ON( S) USED

MODULE MAP

CONTROL SECTION

NAME O R I G I N  LENGTH

SORTTECH 00  2 0 4
U T I L I T Y  208  5A0

ENTRY ADDRESS 2 0 8
TOTAL LENGTH 7A8

ENTRY

NAME LOCATION NAME LOCATION NAME LOCATION NAME

PRINT 26A PCHKRETN 4C6

LOCATION

DOES NOT E X I S T  BUT HAS BEEN ADDED TO DATA SET



ssssssssss GÜOOOOCGGCCC RRRRRRRRRRR TT TT TTT TT TT T TTTT TTT TT TT T AAAAAAAAAA 11
ssssssssssss OOOGOGOOOOÜO RRRRRRRRRRRR TT TT TT T TT T TT TT TT TT T TT T TT AAAAAAAAAAAA 111
SS SS 00 00 RR RR TT TT AA AA 1111
SS 0 0 00 RR RR TT TT AA AA 11
SSS 00 0 0 RR RR TT TT AA AA 11

SSSSSSSSS 00 00 RRRRRRRRRRRR TT TT AAAAAAAAAAAA 11
SSSSSSSSS 00 00 RRRRRRRRRRR TT TT AAAAAAAAAAAA 11

SSS 00 0 0 RR RR TT TT AA AA 11
SS 00 00 RR RR TT TT AA AA 11

SS SS 00 00 RR RR TT TT AA AA 11
SSSSSSSSSSSS 0 0 0 0 0 0 0 0 0 0 0 0 RR RR TT TT AA AA 1 1 1 1 1 1 1 1 1 1

ssssssssss OOOOOOOGOOOO RR RR TT TT AA AA 1 1 1 1 1 1 1 1 1 1

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
99  9 9
99  99
9 9  99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99 
99

99  99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9
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F

EXTERNAL SYMBOL DICTIONARY PAGc 1
SYMBOL TYPE ID A DDR LENGTH LD ID 1 2 . 2 1  9 / 1 7 / 7 0

L INEAR SD G1 GOOGOO OCOOB4



PAGE 1

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8 AP R7 0 9 / 1 7 / 7 0

0 0 0 0 0 0 1 L I NE AR CSECT 0 0 0 0 0 1 0 0
0 C 0 0 0 5 2 R 5 EQU 5 0 0 0 0 0 2 0 0
0 0 0 0 0 6 3 R6 EQU 6 0 0 0 0 0 3 0 0
0 0 0 0 0 7 4 R7 EQU 7 0 0 0 0 0 4 0 0
0 0 0 0 0 8 5 R8 EQU 8 0 0 0 0 0 5 0 0
0 0 0 0 0 9 6 R 9 EQU 9 0 0 0 0 0 6 0 0
OOOOOA 7 RIO EQU 10 0 0 0 0 0 7 0 0
OOGOOB 8 R 11 EQU 11 0 0 0 0 0 8 0 0
0 0 0 0 0 0 9C EC DOOC OOOOC 9 STM 1 4 , 1 2 , 1 2 ( 13 ) SAVE C A L LE R ' S  R E GI STE RS. . 0 0 0 0 0 9 0 0
0 0 0 0 0 4 05C0 10 BALR 1 2 , 0 ESTABL ISH MY BASE REGISTER 0 0 0 0 1 0 0 0
0C0G06 11 USING * , 1 2 LET THE ASSEMBLER KNOW 0 0 0 0 1 1 0 0
0 0 0 0 0 6 41 F 0 CG42 0 0 0 4 8 12 LA 1 5 , SORT SAVE ADDRESS OF MY SAVE AREA. 0 0 0 0 1 2 0 0
OOOOOA 50DF OOC 4 0 0 0 0 4 13 ST 1 3 , 4 ( 1 5 1 SAVE C A L LE R ' S  SAVE AREA ADDRESS. 0 0 0 0 1 3 0 C
COOCOE 50FD 0 008 0 0 0 0 8 14 ST 1 5 , 8( 1 3 ) CHAIN MY SAVE AREA I N . 0 0 0 0 1 4 0 0
0 C 0 012 18DF 15 LR 1 3 ,  15 ESTABL ISH MY SAVE AREA. 0 0 0 0 1 5 0 0

17 * 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 0 0 0 1 7 0 0
18 * THERE IS  SOMETHING WRONG WITH T HI S  SORTING ROUTINE,  YOU 0 0 0 0 1 8 0 0
19 ❖ HAVE BEEN GIVEN A DUMP SHOWING THE CONTENTS OF STORAGE 0 0 0 0 1 9 0 0
20 * AFTER THE SORT HAS BEEN COMPLETED.  USING THE DUMP AND 0 0 0 0 2 C 0 0
21 T HI S PROGRAM L I S T I N G ,  F I ND  THE ERROR THAT CAUSED THE 0 0 0 0 2 1 0 0
22 * SORT TO F A I L  TO WORK CORRECTLY.  YOU HAVE BEEN GIVEN A DECK 0 0 0 0 2 2 0 0
23 * TO MAKE CHANGES TO AND RUN TO GET THE ROUTINE WORKING. 0 0 0 0 2 3 0 0
24 *  88 8 88 88 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 0 0 0 2 4 0 0
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CHART SORTTA 
PAGE 001 OF 001

L !  NEAR

* * * * A 2 * * * * * * * * *
*  START L INEAR *  
^S EL EC TI ON  S O RT . ** * 

* * * * * * * * * * * * * * *

V
# * * * * B 2 * * * * * * * * * *

^ I N I T I A L I Z E  LOOP* 
*COUNT FOR WHOLE*
*  SORT. *❖ * 
*****************

SORTPASS V
* * * * * £ 2 * * * * * * * * * *

*  I N I T I A L I  ZE LOOP*
*  COUNT FOR ONE * < -----<
*  SCAN.  ** * 
* * * * * * * * * * * * * * * * *

V
COMPARE . * .

* * 0 1 * * * * * * *  Q2 * .  * * 0 3 * * * * * * *
*  *  . *  ITEMS * .  *  *

*  GET ADDRESS *  . * I N  CORRECT * .  NO * SAVE ADDRESS *
* 0  F NEXT ITEM I N * --------------- > *  . SEQUENCE ? . * ----------------> *  OF NEW LOW *

*  L I S T .  *  * .  . *  *  I T EM .  *
jflc *  *  . . *  *  *

*********** . * ***********
A *  YES

< ------------------------------------------
V

LOWER . * .
E 2 * .

#*  * .  ❖ * * *  
NO . *  * .  YES *  *

+------------------------------------ * . E N D  OF L I S T  ? . * --------- > *  C4 *
* . ,* *  *  

* . . *  *❖=** 
* .  . *

*

* * * * * C 4 * * * * * * * * * *

II

*  E XCHAN GE F I RST *  
> *  AND LOWEST.  *

* *
*  *
* * * * * * * * * * * * * * * * *

* * * *
j *  *
| * C4 * 
| * * 

****

NO +-------- *

V
. * •

D4 *  .
.  * * .

* *
! END OF SORT ? .’ *  
* .  . *

* .  . *
* .  . *

*  YES

V* * * * { =  4*  * * * * * *  *  *

*  TAKE A DUMP.
*

*
*
*

* * * * * * * * * * * * * * *



PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

26 I * * * * * * * * * * : * # * * * * * * * * * * * # * * # * * * * * # * * * * # * * * * * * # # # * * # # # * * * # # # * # * # # * # # * * : * * *
27 *  T H I S  I S  A SAMPLE OF A L INEAR SELECTION SORT.
28  *
29  *  THE SELECTION SORT WORKS ON THE P R I N C I P L E  OF F I N D I N G  THE
30 *  SMALLEST DATA ITEM AND MOVING I T  TO THE LOW END OF THE L I S T
31 *  AND THEN F I N D I N G  THE NEXT SMALLEST DATA ITEM AND MOVING
32 *  I T ,  E T C . ,  E T C . ,  ETC.
33 *
34  *  T H I S  PARTICULAR SAMPLE WILL  SORT A L I S T  OF HALF-WORD
35 *  Q UA N T I T I E S  IN THE L I S T  CALLED ' I N P U T * •
3 6  *
37  * * * * * * * * * # # * * * * * * * * * * * * * # * * * * # * # * * * * * * * * * # * * * * * * * * * * * * * : ( £ * # * * * * * # * # * # * * *

0 0 0 0 1 4  9 8 9 B  CGA2

39  *
40  *
41 *

0 0 0 A 8  42

I N I T I A L I Z E  THE REGISTERS FOR THE OUTER LOOP.
THE PROGRAM W I L L  LOCP FROM THE START TO THE END OF THE L I S T  
ADVANCING ONE ITEM EACH PASS.
LM R 9 , R U ,  = A( INPUT , 2 ,  I N P T E N D - 3 )

4 4  *  I N I T I A L I Z E  THE REGISTERS FOR THE INNER ( S E L E C T I N G )  LOOP.
45 *  THE PROGRAM W I L L  LOOP FROM THE LOGI CAL  START OF THE L I S T
46 * TO THE END, COMPARING EACH ITEM AS I T  GOES.

0 0 0 0 1 8 9 8 6 7  C09A OOOAO 4 7  SORT PASS LM R 6 , R 7 , = A ( 2 , I N P T E N D - 1 )
£  00 001C 1889 48 LR R 8 , R9 ADDRESS OF THE START OF THE L I S T
® C0001E 1 8 5 8 49 LR R 5 , R 8 ASSUME THAT I T ' S  THE LOWEST VALUE.

0 0 0 0 2 0  D 5 0 1 5 0 0 0  8 0 0 0  0 0 0 0 0  0 0 0 0 0  
0 0 0 0 2 6  4 7 DO C 0 2 6  0002C
0 0 0 0 2  A 1 8 5 8
0 0 0 02 C  8 786  C01A 0 0 0 2 0

51 *
52 *
53 *
54 COMPARE
55
56
57 LOWER

SEARCH FOR THE SMALLEST VALUE I N THE L I S T
THE PROGRAM W I LL  SAVE THE ADDRESS OF THE LOWEST VALUE THAT 
I T  F I N D S ,  FOR EACH SCAN OF THE L I S T .
CLC 0 ( 2 , R 5 ) , 0 ( R 8 )  COMPARE TWO VALUES
8NH LOWER BRANCH, PREVIOUS LOW S T I L L  HOLDS
LR R 5 , R 8  NEW LOW FOUND, SAVE ITS ADDRESS
BXLE R 8,R6 , COMPARE CONTINUE TO END OF L I S T

59 *
6 0  *  AT THE END OF ANY ONE PASS,  REG 5 ADDRESSES THE SMALLEST
61 *  VALUE LEFT IN  THE L I S T .
62 *

0 0 0 0 3 0 D7 01 9 0 0 0 50 0 0 0 0 0 0 0 0 0 0 0 0 63 XC 0 ( 2 , R 9 ) , 0 ( R 5 ) MOVE LOWEST TO LOW END OF L I S T
0 0 0 0 3 6 D701 50 OG 9 0 0 0 OOGOO 0 0 0 0 0 64 XC 0 ( 2 , R 5 ) , 0 ( R 9 ) MOVE THE LARGER VALUE TO PLACE THAT
0 0 00 3C D7 01 9 0 0 0 5 GOG GGOOO 0 0 0 0 0 65 XC 0 ( 2 , R 9 ) , 0 ( R 5 ) LOWEST HAD PREVIOUSLY OCCUPIED.
0 0 0 0 4 2 8 79  A C 0 1 2 0 0 0 1 8 66 BXLE R 9 , R 1 0 , S OR TP AS S CONTINUE U N T I L  END OF L I S T  REACHED.

Q0G046 00 0 0 68 DC H'  0 ' CREATE A DUMP TO SEE OUTPUT L I S T

0 0 0 0 2 6 0 0
0 0 0 0 2 7 0 0
0 0 0 0 2 8 0 0
0 0 0 0 2 9 0 0
0 0 0 0 3 0 0 0
0 0 0 0 3 1 0 0
0 0 0 0 3 2 0 0
0 0 0 0 3 3 0 0
0 0 0 0 3 4 0 0
0 0 0 0 3 5 0 0
0 0 0 0 3 6 0 0
0 0 0 0 3 7 0 0

9/17/70

0 0 0 0 3 9 0 0
0 0 0 0 4 0 0 0
0 0 0 0 4 1 0 0
0 0 0 0 4 2 0 0

QC00440Ü
0 0 0 0 4 5 0 0
0 0 0 0 4 6 0 0
0 0 0 0 4 7 0 0
0 0 0 0 4 8 C 0
0 0 0 0 4 9 0 0

0 0 0 0 5 1 0 0
0 0 0 0 5 2 0 C
0 0 0 0 5 3 0 0
0 0 0 0 5 4 0 0
0 0 C 0 5 5 0 0
0 0 0 0 5 6 0 0
0 0 0 0 5 7 0 0

0 0 0 0 5 9 0 0
0 0 0 0 6 0 0 0
0 0 0 0 6 1 0 0
0 0 0 0 6 2 0 0
0 0 0 0 6 3 0 0
0 0 0 0 6 4 0 0
0 0 0 0 6 5 0 0
0 0 0 0 6 6 0 0

0 0 0 0 6 8 0 0
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PAGE 3

LOC OBJECT CODE 

CO0048

ADDRI ADDR2 STMT SOURCE STATEMENT 

7 0  SORTSAVE DS 18F

F0 8A PR 70  9 / 1 7 / 7 0  

0 C0 C 7 0 0 0

0 0 0 0 9 0  0 0 0 E 0 C 05 0 G2 90 G 10  
00 0 0 9 A

0 CAO 0 0 0 0 0 0 0 2  OOCC00 99  
OOA 8 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 2

72 AT THE END OF EXECUTION,  THE SORTED INPUT SHOULD WIND UP 0 0 0 0 7 2 0 0
73 * HERE , IN ASCENDING SEQUENCE. . 0 0 0 0 7 3 0 0
74 INPUT DC H'  1 4 , 5 , 4 1 , 1 6 , 3 * 0 0 0 0 7 4 0 C
75 INPTEND EQU ❖ 0 0 0 0 7 5 0 0
76 END 0 0 0 0 7 6 0 0
77 = A ( 2 , I N P T E N D - 1 )
78 = A < I N P U T , 2 , INPT E N D - 3 )



RELOCATION D I CT I ONA RY PAGE 1

P O S . I D R E L . I D FLAGS ADDRESS 9 / 1 7 / 7 0

01 01 OC 0 0 0 0 A 4
01 01 OC 0 0 0 0 A 8
01 01 OC 0 0 0 0 B 0



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES

COMPARE C 0 0 0 6 0 0 0 0 2 0 0 0 0 5 4 0 0 5 7
INPTEND 0C001 0 0 0 0 9 A 0 0 0 7 5 0 042 0 0 4 7 0 0 7 7 0 0 7 8
I NPUT 000G2 00C09C 0 0 0 7 4 00 4 2 0 0 7 8
L I NE A R 0 0 0 0 1 00 Du 00 0 0 0 0 1
LOWER 0 0 0 0 4 00C02C 0 0 0 5 7 0 0 5 5
R1C OOCOl OOOOOA 0 0 0 0 7 0 0 66
R l l 0 0 0 0 1 0 0 0 0 0 b 0 0 0 0 8 00 42
R 5 0 0 0 0 1 0 0 0  005 0 0 0 0 2 0 0 4 9 0 0 5 4 0 0 5 6 0 063 0 0 6 4 0 0 6 5
R 6 0 0 0 0 1 0 0 0 0 0 6 0 0 0 0 3 0 0 4 7 0 0 5 7
R7 OOCOl 0 0 0 0 u 7 0 0 0 0 4 00 4 7
R 8 OOCOl 0 0 0 0 0 8 0 0 0 0 5 C048 0 0 4 9 0 0 5 4 0 0 5 6 0 0 5 7
RQ 0 0 0 01 CCOO09 0 0 0 0 6 0 0 42 0 0 4 8 - 00 63 0 0 6 4 0 0 6 5 0 0 6 6
SORTPASS 0 0 0 0 4 w 0 u 018 0 0 0 4 7 0066
SORTSAVF 00 C0 4 CC0Ü48 0 0 0 7 0 0 0 1 2

NO STATEMENTS iFLAGGED IN T H I S ASSEMBLY
^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N )  = 76
♦ OPTIONS IN EFFECT*  L I S T ,  NODECK, LOAD,  NORENT,  X R EF , NOTEST,  ALGN, OS,  L I  NECNT = 55

107 PRINTED L I N E S
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F 4 4 - L E V E L  L INKAGE EDITOR OPTIONS S P E C I F I E D  MAPt L E T , L I  S T , NCAL
VARI AB LE  OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 ) -  DEFAULT O P T I O N ( S )  USED

IEW0 0 0 0  ENTRY U T I L I T Y

MODULE MAP

CONTROL SECTION

NAME O R I G I N  LENGTH

L INEAR GO B4
U T I L I T Y  B6 5A0

ENTRY

NAME LOCATION NAME LOCATION

P R IN T  11A PCHKRETN 37 6

ENTRY ADDRESS B8
TOTAL LENGTH 65 8

* * * * G 0  DOES NOT E X I S T  BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION NAME LOCATION
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r

F . P .  REGS,  0 0 . 0 1 5 8 7 8  0 0 0 1 5 6 4 4  4 0 . 0 0 3 8 2 2  0 0 0 1 5 6 2 8  0 0 . 0 1 5 7 2 4  6 0 0 0 2 8 4 A  E 2 . E 8 E 2 E 5  E3D6C340

PEGS 0 - 7  FFFFFF2E OuOóBFFB 00C1D65C 0 0 0 0 0 0 0 0  0 0 0 1 A 2 E 0  0Q0 5FA3E 0 0 0 0 0 0 0 2  0 0 0 5 F A 4 1
REGS 8 - 1 5  00 0 5 Fa 42 0 0 C 5 F A 4 0  00CC0002  0 0 0 5 F A 3 F  6 F 0 5F 9 A E  0 0 0 5 F 9 F 0  0 0 0 0 C 7 D 4  0 0 0 5 F 9 F 0

o c o o o o o o o o o o c c 0 0 0 0 0 0 0 0 o o o o o c o o 0 0 0 0 0 0 0 0 0 0 0 5 F 9 A 8 0 0 0 0 0 0 0 0 FF 0 60 0 G0 8 0 0 0 0 0 0 0 *  . . . , . . . *
0 0 0 0 2 0 0 0 0 4 0 0 0 3 5 0 0 0 6  A3 E FF A5000 1 4 F 0 5 F 9 F 0 OOOGFFOO 0 0 0 0 0 0 0 0 F E 0 4 0 1 3 3 8 0 0 0 0 A 1 E *  . . . < . 9 0 ..............
0 0 0 0 4 0 0 0 0 6 C 4 9 8 OC0 0 0 0 0 1 0 0 0 0 1 4 6 8 0 0 0 0 5 9 2 0 0 8 3 C 5 6 0 0 00QÜ996C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 * . . D ,
0 0 0 0 6 0 00 0 40 Ü0 Ü 0G007BC 8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D l  0 0 0 0 4 0 0 0 0 0 0 0 0  751 A *  . . . ,

0 5 F9 A 0 0C0C68FF 0 0 0 0 0 0 0 0 90  ECDOOC 0 5 C 0 4 1 F 0 C 04 2 50 DF 000  450 FD 00G818DF 98 9 BC0 A2 ❖ # . . , ____ *
0 5 F 9 C 0 9 8 6 7 C 0 9 A 1 8 8 9 1 8 5 8 D 5 0 1 5 0 0 0 8 0 0 0 4 7 0 0 CO 2 6 1 8  58 8 7 8 6 C 0 1 A D 7 0 1 9 0 0 0 5C0CD701 *  . . .  , P • *
0 5 F 9E 0 5 0 0 0 9 0 0 0 D7 0 1 9 0 0 0 5 0 0 0 8 7 9 A C 0 1 2 0 0 0 0 9 3 3 2 9 5 0 7 C006BF 6 8 9332D7C3 60 0C60CC *  . . . , , . . . *
0 5 F A 0 0 47 F09 0D C D 503 C020 9 4 F E 4 7 7 0 93 DE 5 9A 0 9 4 F E 4 7 7 0 9 4 C A 9 5 0 7 C 02 6 4 7 8 Ü 93 DE 91 4Ü * . 0 .  ,
0 5 F A 2 0 8 0 0 5 4 7 1 0 9 4 CA 47 F 0 94B05BD0 951 2D 50 3 D 00494FE 4 7 8 0 9 3 9 2 0 0 0 3 0 0 0 0 OOOEOOOO *  .  .  .  . , . . . *
0 5 F A 4 0 0 0 2 9 9 5 1 2 5 4 0G94 F6 0 0 0 0 0 0 0 2 0 0 0 5 F A 4 1 0 0 0 5 F A 3 8 0 0 0 0 0 0 0 2 0 0 0 5 F A3 F 9 4 F A 4 1 1 1 ❖ . . . , , . . . *
05FA6C 90ECD00C 0 5 C 0 0 4 F 0 0 7 0 0 4 1 1 0 C 0 1 0 0 5 1 1 0 F 0 5 F B 0 4 7 F FF 0A 0E 5 8 B C 0 0 10 9 1 1 0 B C 7 4 *  . . . ,

0 6 0 0 2 0 4A0Ö96DE 4 0 0 5 0 0 0 0 4 7 F 0 9 5 C 6 4 8 6 0 9 B E E 8 A 6 0 0 0 0 1 4 7 7 C 9 69 E 4 8 6 0 9 C 2 6 4 1 6 6 0 0 0 1 *  . . .

•  •  •
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vv vv AAAAAAAAAA RRRRRRRRRRR
vv vv a a a a a a a a a a a a RRRRRRRRRRRR
vv vv AA AA RR RR
vv vv AA AA RR RR
vv vv AA AA RR RR
vv vv AAAAAAAAAAAA RRRRRRRRRRRR
vv vv AAAAAAAAAAAA RRRRRRRRRRR

vv vv AA AA RR RR
vv vv AA AA RR RR

vv vv AA AA RR RR
W W AA AA RR RR

vv AA AA RR RR

I I I I I I I I I I AAAAAAAAAA BBBBBBBB6BB LL EEEEEEEEEEEE
[ I I I I I I I I I a a a a a a a a a a a a BBBBBBBÖBBBB LL EEEEEEEEEEEE

I I AA AA BB BB LL EE
I I AA AA BB BB LL EE
I I AA AA BB BB LL EE
I I a a a a a a a a a a a a BBBBBBBBBB LL EEEEEEEE
I I AAAAAAAAAAAA BBBBBBBBBB LL EEEEEEEE
I I AA AA BB BB LL EE
11 AA AA BB BB LL EE
I I AA AA BB BB LL EE

I I I I I I I I I I AA AA BBBBBBB BBBBB L L L L L L L L L L L L EEEEEEEEEEEE
I I I I I I I I I I AA AA BBBBBBBBBBB L L L L L L L L L L L L EEEEEEEEEEEE

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
9 9  99
99 99
99 99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99  
9 9

99 99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9
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SYMBOL TYPE ID ADDR LENGTH LD ID
EXTERNAL SYMBOL DICTIONARY PAGE 1 

1 4 . 2 1  9 / 1 6 / 7 0

CARDSCAN SD 01 0 0 0 0 0 0  0 0 0 6F 8
PCHKRETN ER 02
READ ER 03
EOF ER C 4



000000

000000 
000001 
000002 
C00003  
0 0 0 0 0 4  
C O O O O 5 
0 0 0 0 0 6
0 0 0 0 0 7
0 0 0 0 0 8  
0 0 0 0 0 9  
00000A 
OCOOOB 
OOOOOC 
COOOOD 
O O O O O E 
0 0 00 0  F

LGC OBJECT CODE ADDR1 ADDR2

ccoooo 90  EC DGOC OOOOC
0 0 0 0 0 4 05C 0
0 0 0 0 0 6
0 0 0 0 0 6 4 1 F 0 C6A2 0 0 6 A 8
OOOOOA 50FD 0 0 0 8 0 0 0 0 8
OOOOOE 50 DF 0 0 0 4 0 0 0 0 4
0 0 0 0 1 2 1 8DF
C 0 0 0 14 D703 D008  D008 0 0 008  0 0 0 0 8

SOURCE STATEMENT

CARDSCAN CSECT
COPY MHMBEGIN

RO EQU 0
R 1 EQU 1
R2 EQU 2
R3 EQU 3
R4 EQU 4
R5 EQU 5
R6 EQU 6
R7 EQU 7
R8 EQU 8
R9 EQU 9
RIO EQU 10
R l l EQU 11
R12 EQU 12
R 13 EQU 13
R 14 EQU 14
R 1 5 EQU 15

STM R 1 4 , R 1 2 t 1 2 ( R 13)
BALR R 1 2 , 0
USING * t R 1 2
LA R 15 t SAV EAREA
ST R 1 5 , 8 ( R 1 3  )
ST R 1 3 , 4 ( R 1 5 )
LR R1 3 1 R 1 5
XC 8 ( 4 , R 1 3 ) , 8 ( R 1 3 )

❖ END OF: STANDARD ENTRY
PRINT OFF

STMT

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

PAGE 1

F08APR70 9/16/7C

SAVE THE C A L L E R ' S  REGISTERS 
E ST ABL I SH  PROGRAM BASE 
LET THE ASSEMBLER KNOW. 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN 
FORWARD CHAIN 
E ST A BL I SH  MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

L INKAGE CONVENTIONS.

0 0 0 0 0 1 0 0  
0 0 0 0 0 2 0 0  
0 0 0 0 0 7 0 0  
0 0 0 0 0 8 0 0  
0 0 0 0 0 9 0 0  
0 0 0 0 1 0 0 0  
0 0 Ü Ü 1 100  
0 0 0 0 1 2 0 0  
0 0 0 0 1 3 0 0  
0 0 0 0 1 4 0 0  
0 0 0 0 1 5 0 0  
0 0 0 0 1 6 0 0  
0 0 0 0 1 7 0 0  
0 0 0 0 1 8 0 0  
0 0 0 0 1 9 0 0  
0 C 0 0 2 0 0 0  
0 0 0 0 2 1 0 0  
0 0 0 0 2 2 0 0  
0 0 0 0 2 4 0 0  
0 0 0 0 2 5 0 0  
0 0 0 0 2 6 0 0  
0 0 0 0 2 7 0 0  
0 0 0 0 2 8 0 0  
0 0 0 0 2 9 0 0  
0 0 0 0 3  GOO 
0 0 0 0 3 1 0 0  
0 0 0 0 3 2 0 0  
0 0 0 0 0 3 0 0
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LOC

C3002E
0 0 3 0 3 0
0 0 0 0 5 2

VARIABLE LENGTH FIELDS WORK PROJECT. PAGE

OBJECT CODE ADÖR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 6 / 7 0

0 0 22
E3C8C9E24CC9D54Ü

36 *
37 ❖
38 *
39 £

41 * * :
42 *
43
4 4 *
45 £
46
47 *
48 *
49 * * :

51 * ' *
52 *
53 *
54 *
55 *
56 *
57 ❖
53 *
59 V Ai
6 0 A
61 B
62 *
63 *
64 *
6 5 *
6 6 *
67
68
69 *
70
71 *
72 * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
*  VARIABLE LENGTH F I E L D  PROCESSING.  *

* * * * * *  * * * * * * *  si i t* * * * * * * * * * *  * * * * * * * *

0 0 0 0 1 1 0 0
ÜÜÜ012 00
0 0 0 0 1 3 0 0
0C0C14C0

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  0 0 0 0 1 6 0 0
0 0 0 0 1 7 0 0  
0G0C180G 
0 0 0 0 1 9 0 C  
0 C 0 0 2 0 0 0  
0 0 0 0 2 1 GO 
00002200 
0 0 0 0 2 3 0 0

* * * * * * * * * * * * * * * * * * * *  0 C 0 0 24 0 C

AS YOU ARE CERTAINLY NOW AWARE, WE DO NOT ALWAYS KNOW THE 
LENGTH OF SOME DATA F I E LD S AT ASSEMBLY T I M E ,  SO WE NEED 
SOME TECHNIQUE FOR CODING INSTRUCTION SEQUENCES TO COPE 
WITH VAR IA BLE  LENGTH DATA F I E L D S .  LET US FXAMINE SOME 
OF THESE.

{ £ * * * *  s ; : * * * ï f r  Sr ^  -v ic** :< * * * * * * * * * * * * * * * * * * * * * * * * *  * * *

 ̂*  *  *  *  >;c *  *  ̂ ^ * * *  * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * *

IN THESE F I RST FEW EXAMPLES,  ASSUME THAT WE ARE DEALING 
WITH A DATA F I E L D  WHICH HAS A HALF-WORD LENGTH F I E LD  
PRECEEDING THE CHARACTER DATA WE WANT TO MANIPULATE (THE 
V AR IA B LE - LE N GT H  F I E L D ) .  THAT I S . .

DS

DC
EQU

OH
A L 2 ( 3 — A ) LENGTH
C 1 T HI S  IN AN UNKNOWN LENGTH MESSAGE. '
*

ASSUME ALSO THAT THE ADDRESS OF THE WHOLE MESS I S  IN 
REGISTER 3 ,  AND THAT WE WANT TO MOVE ONLY THE DATA TO 
A PLACE CALLED ' M E S S A G E ' .

+•------------
I +—
+------------
REG. 3

- > |  LEN.  1 A VARI ABLE LENGTH F I E L D . I

L E N . + 2

Jj * * * * * *  * * * * * * *  * * 3

COO0 2 6 0 0  
0 0 0 0 2 7 0 0  
0 0 0 0 2 8 0 0  
0 0 0 0 2 9 0 0  
00G03CC0 
CO 00 3  1OC 
0 0 0 0 3 2 0 0  
0 0 0 0 3 3 0 0  
0 0 0 0 3 4 0 0  
0 0 0 0 3 5 0 0  
0 0 0 0 3 6 0 0  
0 0 0 0 3 7 0 0  
0 0 0 0 3 8 0 0  
0 0 0 0 3 9 0 0  
0 0 0 0 4 0 0 0  
0 0 0 0 4 1 0 0  
0 0 0 0 4 2 0 0  
0 0 0 0 4 3 0 0  
00 0 0 4 4 0 0  
0 0 0 0 4 5 0 0  
00 0 0 4 6 0 0  
0 0 0 0 4 7 0 0



VARIABLE LENGTH FIELDS WORK PROJECT PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70  9 / 1 6 / 7 0

74 * * # # # # * * G 0 0 0 4 9 0 0
75 ❖ *  SOLUTION l :  A LOOP * 0 0 0 0 5 0 0 0
76 * £ ------------------—  ---- ----------- * 0 0 0 0 5 1 0 0
77 * 0 0 0 0 5 2 0 0

79 * +------------- + +------------ 0 0 0 0 5 4 0 0
80 * , +— +------ — >|  L E N . I A V AR IA B LE  LENGTH F I E L D . ) 0 0 0 0 5 5 0 0
81 0 0 0 0 5 6 0 0
82 ❖ REG. 3 0 2 L E N . +2 0 0 0 0 5 7 0 0

0 0 0 0 5 2 4 1 3 0 C 02 8 0G02E 84 LOQPSAMP LA R 3 , V A R I A B L E F I R S T ,  W E ' L L  TRY A LOOPING TECHNIQUE 0 0 0 0 5 9 0 0
0 0 0 0 5 6 4 8 4 3 0 0 0 0 0 0 0 0 0 85 LH R 4 , 0  ( R3 ) GET LENGTH INTO REGISTER 4 . QC006GC0
0 0 0 0 5 A 4 1 5 3 0 002 0 0 0 0 2 86 LA R 5 , 2 ( R 3 ) GET DATA ADDRESS INTO REG 5 0 0 0 0 6 1 0 0
0 0 0 0 5 E 41 6C C 07 8 0C07E 87 LA R6,MESSAGE OUTPUT AREA ADDRESS INTO REG. 6 0 0 0 0 6 2 0 0

88 ❖ 0 0 0 0 6 3 0 0
89 ❖ OK, NOW WE ARE ALL SET TO LOOP,  USING A ' T R A I L I N G  D E C I S I O N ' . 0 0 0 0 6 4 0 0
90 * THE BCT AND 8CTR INSTRUCTIONS ARE ID EAL  FOR T H I S  K IND OF LOOP. 0 0 0 0 6 5 0 0
91 0 0 0 0 6 6 0 0
92 * BUT YOU KNOW T H A T . . . 0 0 0 0 6 7 0 0
93 * 0 0 0 0 6 8 0 0
94 * THERE IS HOWEVER, ONE lFAULT WITH THE BCT I NSTRUCTION 0 0 0 0 6 9 0 0
95 * I F  THE REGISTER HAS AN I N I T I A L  VALUE OF ZERO, WE LOOP FOR A 0 0 0 0 7 0 0 0
96 * VERY , VERY LONG T I M E . . SO, WE HAD BETTER TEST FOR ZERO F I R S T . 0 0 0 0 7 1 0 0
97 ❖ 0 0 0 G 7 2 0 0

0 0 0 0 6 2 12 44 98 LTR R 4 , R 4 I F  REGISTER 4 CONTAINS ZERO 0 0 0 0 7 3 0 0
0 0 0 C 6 4 4 7 * 0 C 07 8 00 07E 99 BZ AROUND BRANCH AROUND LOOP.  (MOVE NO DATA) GC0074ÜÜ
C 0 0 0 6  8 100 LOOP EQU ❖ HERE GOES THE LOOP................. 0 0 0 0 7 5 0 0
0 0 0 0 6 8 D 200 6 0 0 0  5 000  0 0 0 0 0 0 0 0 0 0 101 MV C 0 ( 1 , R 6 ) , 0 ( R 5 ) MOVE ONE BYTE FROM I N  TO OUT 0 0 0 0 7 6 0 0
0 0 006  E 4 1 5 5 0001 0 0 0 0 1 102 LA R 5 , 1 ( R 5 ) POINT TO NEXT INPUT BYTE 0 0 0 0 7 7 0 0
0 0 0 0 7 2 4 1 6 6 00 01 0 0 0 0 1 103 LA R 6 , 1 ( R 6 ) POINT TO NEXT OUTPUT LOCATION 0 0 0 0 7 8 0 0
0 0 0 0 7 6 4 6 4 0 C062 0 0 0 6 8 10 4 BCT R4,LOOP AND CONTINUE TO END OF F I E L D . 0 0 0 0 7 9 0 0
0 0 0 C 7 A 47 FO CO AO 0 0 0 A 6 10 5 B MODIFY 0 0 0 0 8 0 0 0
Q0007E 1 06 AROUND EQU ❖ 0 0 0 0 8 1 0 0
C3007E 4 0 4 0 4 0 4 0 ^ - 0 4 0 4 0 4 0 107 MESSAGE DC 40C * ■ 0 0 0 0 8 2 0 0
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VARIABLE LENGTH FIELDS WORK PROJECT.

LGC OBJECT CODE ADDRI  ADDR2 STMT

1 0 9  *
110 *  
111 *  
1 1 2  *

SOURCE STATEMENT F0 8A PR 70

* * * * * * * * * * * * * * * * * * * * * * * * * * * # * * # * * * * * * * # : ' , ; : £
*  SOLUTION 2 :  I NSTRUCTION M O D I F I C A T I O N .  **  ------ -— ------------------ *
$ : ; ( $ $ $ : £ $ $ $ $ ; £ $ $ $ $ $ : £ $ # £ $ * * * * * * * * * * * * * * * * * * * *

1 1 4  *#35:# ###:{£ sic###**:## # # # £ : # * * * * * * * * *  * * # # # * * *  * * * * * * *
1 1 5  *
1 1 6  *  OK,  THAT WORKS* BUT I T  REQUIRES US TO EXECUTE 4 INSTRUCTIONS
1 1 7  *  PER BYTE OF DATA IN THE F I E L D .  T H I S  CAN TAKE CONSIDERABLE TIME
11 8  *  SO , I T  MAY BE PREFERABLE THAT WE DO TH IS  SOME OTHER WAY.
1 1 9  *  SO, LET US EXAMINE ANOTHER METHOD, ' I NSTRUCTI  ON MOD I F I C A T I  ON• .
1 2 0  *  REMEMBER THAT THE SECOND BYTE OF AN ASSEMBLED STÜRAGE- TO-
121 *  STORAGE INS TR UC TI ON  CONTAINS THE LENGTH OF DATA TO BE USED.
12 2  *
123  * * * * * * * *  NOTE:  REMEMBER THAT REGISTER 3 S T I L L  POINTS TO THE VARIABLE
1 2 4  *  LENGTH F I E L D .
12 5 *
1 2 6  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C 000A6 48 43 0 0 0 0 0 0 0 0 0 128 MODIFY LH R 4 , 0 ( R 3 ) GET LENGTH OF DATA INTO REG 4 .
1 2 9 *
1 30 * AT THI S P O I N T ,  WE MUST CONSIDER THAT THE LENGTH F I E L D  IN  AN
131 * ASSEMBLED S-S  INSTRUCTION I S  ONE LESS THAN THE LENGTH OF TRUE
132 * DATA TO BE USED.  SO, SINCE WE ARE GOING TO DO OUR CHANGING
13 3 * TO A MACHINE I NS TR U CT I ON , WE HAD BETTER SUBTRACT ONE F I R S T .
13 4 *

0 0 0 0 AA 0 6 4 0 135 BCTR R 4 , 0 SUBTRACT ONE FROM LENGTH
OOOOAC 4 2 4 0 COAB 0 0 0 8 1 13 6 STC R4,MOVE+1 STORE LENGTH INTO I NSTRUCTION

13 7 * CALLED ■MOVE'  .
C 0 0 0 8 0 D200 C 078  3 002 0 0 0 7E  0 0 0 0 2 138 MOVE MVC MESSAGEIO) , 2 ( R 3 ) MOVE THE REQUIRED DATA.

14 0 * T H I S , OF COURSE, WORKS VERY N ICELY FOR F I E L DS  LESS THAN OR
141 * EQUAL TO 2 5 6  B YTES.

1 43 * * * * * * * * * > ! : * * * *  # * * * * * * # * 3 ! : *  * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * *  * * * * * * * * * * * * * * * *
1 4 4  *
1 4 5  *  THE PRECEEDING TECHNIQUE HAS ONE MAJOR DISADVANTAGE,  I T  MADE
14 6  *  A PERMANENT M OD I F I C A T I O N  TO AN I N S TR U CT I ON ,  WHICH PREVENTS US
1 4 7  *  FROM BEING COMPLETELY R E -E NT R AN T• (SUPPOSE WE GET INTERRUPTED
148  *  BETWEEN THE STC AND MVC INSTRUCTIONS AND ANOTHER PROGRAM GETS
1 4 9  *  CONTROL AND MAKES I T  ALL THE WAY THROUGH THE SEQUENCE BEFORE
15 0 *  WE GET CONTROL BACK —  THE LENGTH IS NOT WHAT WE HAD WHEN
151 *  WE LOST C O N T R O L . . . . )
152  *
153  *  THERE MUST BE SOME WAY AROUND T HI S  PARTICULAR PROBLEM, AND
1 5 4  *  I T  I S  CALLED THE EXECUTE I NS T R U C T I O N .
1 55  *
1 5 6  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

PAGE 4

9 / 1 6 / 7 C

0 0 0 0 8 4 0 0  
0 0 0 0 8 5 0 0  
0 0 0 0 8 6 0 0  
0 0 0 0 8 7 0 0

0 0 0 0 8 9 0 0  
0 0 0 0 9 0 0 0  
0 0 0 0 9 1 0 0  
0 0 0 0 9 2 0 0  
0 0 0 0 9 3 0 0  
0 0 0 0 9 4 0 0  
0 0 0 0 9 5 0 0  
0 0 0 C 9 6 0 0  
0 0 0 0 9 7 0 0  
0 0 0 0 9 8 0 0  
0 0 0 0 9 9 0 0  
0 0 0 1 0 0 0 0  
0 0 0 1 0 1 0 0

0 0 0 1 0 3 0 0
0 0 0 1 0 4 0 0
0 0 0 1 0 5 0 0
0 0 0 1 0 6 0 0
0 0 0 1 0 7 0 0
0 0 0 1 0 8 0 0
0 0 0 1 0 9 0 0
0 0 0 1 1 0 0 0
0 0 0 1 1 1 0 0
0 0 0 1 1 2 0 0
0 0 0 1 1 3 0 0

0 0 0 1 1 5 C 0
0 0 0 1 1 6 0 0

0 0 0 1 1 8 0 0  
0 0 0 1 1 6 0 0  
0 0 0 12 C C 0 
0 0 0 1 2 1 0 0  
0 0 0 1 2 2 0 0  
0 0 0 1 2 3 0 0  
0 0 0 1 2 4 0 0  
ÜC01250C 
0 0 0 1 2 6 0 0  
0 0 0 1 2 7 0 0  
0 0 0 1 2 8 0 0  
0 0 0 1 2 9 0 0  
0 0 0 1 3 0 0 0  
0 0 0 1 3 1 0 0
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VARIABLE LENGTH F I EL D S  WORK PROJECT. PAGE

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FQ8APR70 9 / 1 6 / 7 0

1 5 8  *
1 5 9  *
160 *  
161 *

*  *  #  Jjc *  *  *  *  ijc *  *  #  *  *  S  *  *  *  *  ^  *  #  *  Jjs *  *

*  SOLUTION 3 :  " E X E C U T E " .  *
* — ------------ ----- ------------------ —

0 0 0 1 3 3 0 0
0 0 0 1 3 4 0 0
0 0 0 1 3 5 0 0
0 0 0 1 3 6 0 0

163
16 4
16 5
166
167
168
169
1 7 0
171
172
173
1 7 4
175
176
177
178

* j j c : ( s 3 { : i j s##### # # # # #  #£#:{: jfc# ajs* jjc # * 3: $: #####
*
*  WHAT THE EXECUTE INSTRUCTION DOES IS E FF EC TI VE LY  I D E N T I C A L
*  TO THE PRECEEDING TECHNIQUE ( I N S T R U C T I O N  M O D I F I C A T I O N ) ,  BUT 

I T ' S  MAJOR ADVANTAGE I S  THAT I T  ONLY EFFECTS AN INSTRUCTION 
M O D I F I C A T I O N . .  EVERYTHING I S  DONE W I TH IN  THE C P U ' S  LOGICAL 
U N I T ,  OR WHATEVER THEY CALL THAT T H I N G . . .

IN R E A L I T Y ,  I T ' S  ALL DONE WITH SODIUM PENTATHOL AND HYPNOTIC 
SUGGESTION.

THE EXECUTE INSTRUCTION TAKES THE LOW-ORDER BYTE OF THE 
REGISTER NAMED IN THE F I R S T  OPERAND, ( I N  T H I S  CASE REG. 4 ) ,  
AND LOGICALLY ' ORS' THAT BYTE WITH THE SECOND BYTE OF THE 
INSTRUCTION THAT I S  NAMED I N  THE SECOND OPERAND, ( ' MOVEDAT A ' 
IN THE EXA MP LE ) ,  AND THEN EXECUTES THE INSTRUCTION JUST

0 0 0 1 3 8 0 0  
0 0 0 1 3 9 0 0  
OCO1 4 0 0 0  
0 0 0 1 4 1 0 0  
0 0 0 1 4 2 0 0  
0 0 0 1 4 3 0 0  
0 0 0 1 4 4 0 0  
0 0 0 1 4 5 0 0  
0 0 0 1 4 6 0 0  
0 0 0 1 4 7 0 0  
0 0 0 1 4 8 0 0  
0 0 0 1 4 9 0 0  
0 0 0 1 5 0 0 0  
0 0 0 1 5 1 0 0  
0 0 0 1 5 2 0 0  
0 0 0 1 5 3 0 0

179 MO D IF I ED  ( E F F E C T I V E L Y ) AS THOUGH I T  EXI STED IN  THE SPACE 0 0 0 1 5 4 0 0
1 8 0 WHERE THE EXECUTE INSTRUCTION I T S E L F  WAS LOCATED. OCO15 500
181 BUT YOU KNOW ALL THAT ALREADY,  SO WAT CH. . . 0 0 0 1 5 6 0 0
182 £ YOU WILL  NOTICE THAT AT NO T I ME  DOES MY HAND LEAVE MY WR IST . 0 0 0 1 5 7 0 0
183 * 0 0 0 1 5 8 0 0
18 4 * * * * * :> !£ * * NOTE: REMEMBER THAT REGISTER 3 S T I L L  POINTS TO THE VARAI BLE 0 0 0 1 5 9 0 0
1 85 * LENGTH1 F I E L D . 0 0 0 1 6 0 0 0
186 * 0 0 0 1 6 1 0 0
187 0 0 0 1 6 2 0 0

0 0 0 OB6 4 8 4 3 0 0 0 0 0 0 0 0 0 189 LH R 4 , 0  ( R 3 ) GET LENGTH INTO REGISTER 4 0 0 0 1 6 4 C 0
0 0 0 OB A 0 6 4 0 190 BCTR R 4 , 0 REDUCE LENGTH BY ONE« 0 0 0 1 6 5 0 0
OOOOBC 4 4 4 0 COBE 00 0C4 191 EX R4,MOVEDATA ALTER THE ' MOVEDATA'  I NSTRUCTION 0 0 0 1 6 6 0 0

192 * E FF EC TI VE  ALTERATION ONLY,  AND MOVE 0 0 0 1 6 7 0 0
193 ❖ THE DATA TO MESSAGE. . 0 0 0 1 6 8 0 0

OOOOCO 47F 0 C0C4 OQOCA 19 4 B GOONBY BRANCH TO SHOW THAT WE DO NOT 0 0 0 1 6 9 0 0
19 5 * WANT TO EXECUTE THE MVC IN  L I N E . 0 0 0 1 7 0 0 0

OOOOC4 D2 00 C 078  3 0 0 2  0 0 07E 0 0 0 0 2 197 MOVEDATA M VC MESSAGE!0 ) , 2 ( R 3 ) 0 0 0 1 7 2 0 0
198
199
2 0 0  
201  
2 02 
20 3  
2 04 
2 0 5

*

|£ —2»

I F  YOU CONSIDER 
EXI ST S WITH ANY 
Y O U ' L L  SEE WHAT 
PARTICULARLY IN

THE FACT THAT T HI S  SAME SEQUENCE OF EVENTS 
INSTRUCTION AND THE ' EXE CUTE '  IN ST RU C TI ON ,  
A REALLY POWERFUL INSTRUCTION I T  CAN BE,
A RE-ENTRANT ENVIRONMENT.

OOOOCA 4 7 F 0  COCA OOODO 2 0 6  GOONBY B
!< # # *  5̂ *  ̂  # * # * £ *  # # *  %

GET ACARD + 2

0 0 0 1 7 3 0 0  
0 0 0 1 7  400  
0 0 0 1 7 5 0 0  
0 0 0 1 7 6 0 0  
0 0 0 1 7 7 0 0  
0 0 0 1 7 8 0 0  
0 C0 179C 0 
0 0 0 1 8 0 0 0  
0 0 0 1 8 1 0 0
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LOC

VARIABLE LENGTH FIELDS WORK PROJECT. PAGE 6

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8 AP R7 0 9 / 1 6 / 7 0

208 * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 8 3 0 0
2 09 * *  CONTROL CARD SCANNING.  * 0 0 0 1 8 4 0 0
2 1 0 * * --------------------------- -----------------------* 0 0 0 1 8 5 0 0
211 * * * *  * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 8 6 0 0

2 1 3  * +  ++-M- + + + + + + + + + 4- + + + + + + + + + + + + + + + + + + + ■»- + •»- + + + + + + + + + + + + + + + + + + + + + + ++ + + + + + + + + +
2 1 4  *
2 1 5  *  THERE ARE,  OF COURSE,  SOME OTHER PROBLEMS THAT CAN A RI SE WITH
2 1 6  *  VARIABLE LENGTH F I E L D S .  TO W I T :  WE MIGHT NOT ALWAYS KNOW THE
2 1 7  *  LENGTH OF THE F I E L D  WE ARE TO PROCESS (AS WE HAD IN THE F I R S T
2 18  *  EXA MP LE S) .  SO,  WHAT DO YOU DO THEN ???
2 1 9  *
2 2 0  *  THE BEST,  AND ONE OF THE MOST FREQUENTLY USED METHODS I S  TO
221  *  SEPARATE THE F I E LD S FROM EACH OTHER BY USING SPECIAL
222 *  CHARACTERS,  CALLED " D E L I  M IT ERS " ,  WHICH MAY NOT BE USED WI TH IN
2 2 3  *  THE F I EL DS  THEMSELVES.  THEN,  HAVING ONCE FOUND THE START
2 2 4  *  OF A VARIABLE F I E L D ,  WE NEED ONLY TO LOCATE THE D E L I M I T E R
2 2 5  *  AT THE END OF THE F I E L D ,  SUBTRACT THE ADDRESSES,  AND E U R E K A . . .
2 2 6  *  YOU HAVE THE F I E L D ' S  LENGTH.  FROM THERE ON, YOU' RE HOME FREE,
22 7  *  BECAUSE YOU ALREADY KNOW HOW TO USE THE ‘' EXECUTE"  I N S TR U C T I O N ,
2 2 8  *  D ON ' T  YOU ?? A SIMPLE NODDING OF THE HEAD " Y E S "  WILL S U F F I C E .
2 2 9  *
2 3 0  * ONE OF THE FASTE ST,  SL ICKEST TECHNIQUES OF LOCATING D E L I M I T ER S
231 *  I S  TO USE THE T RA NS LA TE -A ND- TE ST INSTRUCTION ( T R T ) , AS I T  I S
2 3 2  *  USED IN THE FOLLOWING PROGRAM.
2 3 3  *
2 34  *  +-M- + + + + + + +■»- + + + + + + + + + + +  + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +++ + + + + + + ++ + +• +

0 0 0 1 8 8 0 0  
0 0 0 1 8 9 0 0  
0 0 0 1 9 0 0 0  
0 0 0 1 9 1 0 0  
0 0 0 1 9 2 0 0  
0 0 0 1 9 3 0 0  
0 0 0 1 9 4 0 0  
0 0 0 1 9 5 0 0  
0 0 0 1 9 6 0 0  
0 0 0 1 9 7 0 0  
0 0 0 1 9 8 0 0  
0 0 0 1 9 9 0 0  
0 0 0 2 0 0 0 0  
0 0 0 2 0 1 0 0  
0 0 0 2 0 2 0 0  
0 0 0 2 0  300 
0 0 0 2 0 4 0 0  
0 0 0 2 0 5 0 0  
0 0 0 2 0 6 0 0  
0 0 0 2 0 7 0 0  
0 0 0 2 0 8 0 0  
O C 0 2 0 90 0
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A TYPICAL CONTROL CARD SCANNING PROGRAM.

LCC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70

2 3 6
2 3 7
23 8
23 9
2 4 0
241 
2 42
2 4 3
2 4 4
2 4 5
2 4 6
2 4 7
2 4 8
24 9  
2 50
251
25 2
2 5 3  
2 54 
25 5  
2 56

2 5 7
2 5 8
2 59  
2 60 
261  
2 62 
26 3  
2 64
2 6 5
2 6 6
2 6 7
26 8
2 6 9
2 7 0
271

*
*
*
*
*
*
*
*

*
*
❖
*
❖
*

❖ 
*

I # * # # * # # # * ; } : * * ; } : *  sjc*  #  $  *  j{e*  #  *  * *  j p *  ;{c #  *  # #  *  *  #s{c

T HI S  IS AN EXAMPLE OF A CONTROL STATEMENT SCANNING ROUTINE 
FOR A HYPOTHETICAL DATA F I L E  MAINTENANCE PROGRAM.

T H I S  PROGRAM IS "KEY-WORD D R IV EN "  IN THAT THERE ARE CERTAIN 
" K E Y "  WORDS OR PHRASES I N  THE CONTROL CARD THAT TELL THE 
PROGRAM THE MEANING OF THE V ARI ABLE LENGTH DATA THAT FOLLOWS.

A "KEYWORD" IS  GENERALLY SEPARATED FROM I T ' S  DATA BY AN EQUAL 
S I G N .  KEYWORDS ARE SEPARATED FROM OTHER KEYWORDS BY COMMAS.

T HI S  ROUTINE READS A CARD FROM THE INPUT STREAM AND SCANS 
I T  FOR THE FOLLOWING KEYWORD VALUES ' NAME,  ADDR , PHONE, C I T Y ,  
STATE,  DEPEND,  Z I P ,  AND S T A T U S ' .  WHEN I T  F INDS ONE OF THE 
KEYWORDS, I T  MOVES THE DATA THAT FOLLOWS THE KEYWORD TO THE 
CORRECT LOCATI ON I N  STORAGE.

THE CARD INFORMATION MUST BE OF THE FORM :

NAME=MAFARKLE,ADDR=123SMAIN,DEP END=CM A R K, S PA RK LE , SIMON,  GAR) ,  
P H 0 N E = 1 2 3 4 5 6 7

WHERE THE DATA I S  DESCRIBED BY KEYWORDS FOLLOWED BY VALUES 
FOR THE KEYWORDS. THE ' V E R B '  TELLS THE PROGRAM WHAT ACTION TO 
TAKE ( ADD,  DELETE,  OR ALTER)  THE DATA IN I T ' S  MASTER F I L E .

KEYWORDS MUST BE SEPARATED FROM T HE I R  VALUES BY AN EQUAL S I G N .  
PARAMETERS ARE SEPARATED FROM EACH OTHER BY A COMMA. 
SUB-PARAMETER L I S T S  ARE ENCLOSED I N  PARENTHESES,  WITH EACH 
VALUE IN THE L I S T  SEPARATED FROM THE OTHERS BY A COMMA.

*  THE CARD STATEMENT IS  " F RE E - F O R M"  IN THAT THE KEY-WORDS
*  MAY BE ABSENT OR APPEAR IN ANY ORDER, AN ADVANTAGE IF
*  YOU'RE AN AMATEUR KEY-PUNCH OPERATOR.

VERB

2 73 ^ * * # * # # # # # # # # # # #
2 7 4  *
2 7 5  *  AT THE END OF T H I S  PROGRAM YOU W I L L  F I ND  A SERIES OF
2 7 6  *  QUESTIONS ABOUT THE PROGRAM. F I R S T ,  SCAN OVER THE CODE
2 7 7  *  AND THEN ANSWER THE QUESTIONS.  THEY WI LL  LEAD YOU TO
2 7 8  *  MANY OF THE MAJOR ITEMS OF INTEREST ABOUT THE PROGRAM.
27 9  *
2 80

PAGE 7

9 / 1 6 / 7 0

0 0 0 2 1 1 0 0
0 0 0 2 1 2 0 0
0 0 0 2 1 3 0 0
0 0 0 2 1 4 0 0
0 0 0 2 1 5 0 0
0 0 0 2 1 6 0 0
0 0 0 2 1 7 0 0
0 0 0 2 1 8 0 0
0 0 0 2 1 9 0 0
0 0 0 2 2 0 0 0
0 0 0 2 2 1 0 0
0 0 0 2 2 2 0 0
0 0 0 2 2 3 0 0
0 0 0 2 2 4 0 0
0 0 0 2 2 5 0 0
0 0 0 2 2 6 0 0
0 0 0 2 2 7 0 0
0 0 0 2 2 8 0 0
0 0 0 2 2 9 0 0
0 0 0 2 3 0 0 0

* 0 0 0 2 3 1 0 0
0 0 0 2 3 2 0 0
0 0 0 2 3 3 0 0
0 0 0 2 3 4 0 0
0 0 0 2 3 5 0 0
0 0 0 2 3 6 0 0
0 0 0 2 3 7 0 0
0 0 0 2 3 8 0 0
0 0 0 2 3 9 0 0
0 0 0 2 4 0 0 0
0 0 0 2 4 1 0 0
0 0 0 2 4 2 0 0
0 0 0 2 4 3 0 0
0 0 0 2 4 4 0 0
0 0 0 2 4 5 0 0
0 0 0 2 4 6 0 0
0 0 0 2 4 7 0 0

0 0 0 2 4 9 0 0
0 0 0 2 5 0 0 0
0 0 0 2 5 1 0 0
0 0 0 2 5 2 0 0
0 0 0 2 5 3 0 0
0 0 0 2 5 4 0 0
0 0 0 2 5 5 0 0
0 0 0 2 5 6 0 0
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GETACARD

* * * * A 1 * * * * * * * * *
*  START CARD *
*  SCANNING *
*  ROUTINE *** ** ** * * * * * * * * *

V
. * .

* B1 * • *
YES .« * WAS  CARD * « .

+ —  * .  CONTINUED ? . *  
*  • . *

* .  . *
* .  . *

*  NO

V* * * * * d * * * * * * * * * *
* *
*  CLEAR ALL *
«VAR I ABL E A R EA S . *
* *
* *
*  *  *  *  *  *  *  *  3js *  *  *  *  *  *  *  *

+ ---------------------- ^

NORESET V
* * D 1 * * * * * * **  *

*  RESET *
*  CONTINUATION *

*  FLAG,  *
❖ *

***********

. * .
A2 * .

• * * .
*  *  V P C

+ - - > * I end  of f i l e  ? ' . *  —
* .  . *

*  • . *
* .  . *

*  NO

V
* * B 2 « * * * * * «

*  *
*  SET UP CARD *  

« L I M I T S  ( C O L .  1 *
*  -  71)  . *

*  *
* * * * * * * * * * *

V
* * * # * C  2 * * * * * * * * * *  
« F I N D  START AND *
*  END OF VE RB» *
*  MOVE I T TO *
*  VE RB SAVE. *
* * 
*****************

FINDKWD V
* * *  * *  D 2 * * « *  * * * * *  
*
*  F I  ND BEGINNING
*  OF F I R S T  KEY
*  WORD.
*
****************

V* * *  e i * * * * * * * * * * *  
READ A

*CONTROL CARD *  
INTO CARDAREA.

*

****************

* 
* 

* 
* 

# 
# 

#

CHART CARDSCAN
PAGE OOI OF OOI

ENDOFILE
* * * * A 3  * * * * * * * * *

— > *  RETURN. *
*  * 

***************

+

DEL IMERR
* * * * A 4 * * * * * * * * *

*  *
+— > *  TAKE A DUMP. *
| * *l ***************

NO
CHKEYWDS . * .

D3 * .  
. «KEYWORD* .

. *  D E L I M I T E D  * .  YES
------ > * .  BY AN EQUAL . *  —

* .  S IGN ? . *
* .  . *

* .  . *
*

KEYDC3MP . * .
D4 * .. * *  .

. *  TEST THE * .
-----> * .  KEYWORD. . *

* .  . *
* .  . *

* . . *
NAME-----------> 0 0
A DDR-----------> 0 0
PHON--------~ >  0 0
DEPN-----------> 0 0
C I T Y -----------> 0 0
STAT-----------> 0 0
Z I P ---------- > 0 0
STAS-----------> 0 0
OT HR-----------> 0 0



A TY PI CA L CGNTROL CARD SCANNING PROGRAM PAGE 9

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70  9 / 1 6 / 7 0

3 2 4 * 0 0 0 3 0 0 0 0
3 2 5 * READ A CARD TO BE SCANNED • 0 0 0 3 0 1 0 0
3 2 6 * 0 0 0 3 0 2 0 0

OOOOCE 0 0 1 7 3 2 7 GETACARD DC H'  2 3 ' TAKE A DUMP TO SEE THE T AB LE . 0 0 0 3 0 3 0 0
OOOODO 9 1 8 0 C36D 0 0 3 7 3 3 2 8 TM FLAGS,CONTINUE CONTINUATION EXPECTED ? 0 0 0 3 0 4 0 0
0 0 0 0 0 4 4 7 1 0 C 00 c C00E2 3 2 9 BO NORESET YES,  DON• T RESET DATA F I EL DS  YET. 0 0 0 3 G 5 0 0
0 0 0 0 D 8 924C C2EA 0 0 2 F 0 3 3 0 MVI V ER BS AV E tC '  • NO, BLANK OUT F I EL DS  FOR NEW CARD 0 0 0 3 0 6 0 0
OOOODC D281 C2EB C2EA 0 0 2  F I 0 0 2 F 0 331 MVC V E P B S A V E + K  L » V E R B S A V E + L ' NAMESAVE+L• D E P N D S V - l ) , VERBSAVE 0 0 0 3 0 7 0 0
0 0 0 0 F 2 94 7 F C36D 0 0 3 7 3 3 3 2 NORESET NI TURNt OF F- CON TI NU E 00C3G80C
0 0 0 0 E 6 4 1 1 0 C2 96 00 2 9C 3 3 3 LA R l , CA RD P TR ADDRESS OF INPUT AREA ADDRESS. 0 0 0 3 0 9 0 0
OOOOEA 58 F0 C6EA 0 0 6 F 0 3 3 4 L R 1 5 ,  = V (R EAD ) 0 0 0 3 1 0 0 0
OOOOEE 05EF 3 3 5 BALR R l 4 , R l 5 REAC A CARD FROM INPUT STREAM. 0 0 0 3 1 1 0 0
OOOOFO 5 8F0 C6EE 0 0 6 F 4 3 3 6 L R 1 5 , =V(EOF ) ADDRESS OF END OF F I L E  I ND IC ATOR . 0 0 0 3 1 2 0 0
0 0 0 0 F 4 9 5 0 0 FÜ03 0 0 0 0 3 3 3 7 CL I 3 ( R 1 5 ) , 0 I S  END OF F I L E  I N DI CA TE D ? 0 0 0 3 1 3 0 0
0 0 0 C F8 4 7 7 0 C46E 0 0 4 7 4 3 3 8 BNE ENDOFILE YES,  Q U I T . 0 0 0 3 1 4 0 0

3 3 9 * 0 0 0 3 1 5 0 0
3 4 0 * START SCANNING FOR THE F I RS T  NON-BLANK CHARACTER IN THE CARD, 0 0 0 3 1 6 0 0
34 1 * THI S WILL BE THE START OF THE VERB. 0 0 0 3 1 7 0 0
34 2 0 0 0 3 1 8 0 0

COOOFC 4 1 8 0 C29 A 0 0 2 A 0 3 4 3 LA R8,CARDAREA NO, BEGIN CARD SCAN WITH COLUMN 1 . 0 0 0 3 1 9 0 0
OCQIOO 4 1 6 0 00 01 0 0 0 0 1 3 4 4 LA R6,  1 INCREMENT 0 0 0 3 2 0 0 0
COO 10 4 4 1 7 0 C2E 0 0 0 2 E 6 3 4 5 LA R 7 , CARDAR EA + 70 UPPER L I M I T  (COLUMN 7 1 ) 0 0 0 3 2 1 0 0
0 0 0 1 0 8 86 86 C 290 0 0 2 9 6 3 4 6 BXH R 8 , R 6 , N O VE R B SCAN FOR NON-BLANK 0 0 0 3 2 2 0 0
00 010C 9 5 4 0 8 0 0 0 0 0 0 0 0 3 4 7 CL I 0 ( R8 ) , C ■ • IS  T H I S  A BLANK ?? 0 0 0 3 2 3 0 0
0 0 0 1 1 0 4 7 8 0 C 102 0 0 1 0 8 3 4 8 BE « - 8 YES,  CONTINUE SCAN 0 0 0 3 2 4 0 0
0 0 0 1 1 4 1 B22 34 9 SR R 2 , R 2 NON-BLANK FOUND. 0 0 0 3 2 5 0 0
0 0 0 1 1 6 DD07 8 0 0 0 C36E 0 0 0 0 0 0 0 3 7 4 3 5 0 TRT 0 ( 8  * R 8 ) , TR TABLE LOCATE END OF VERB 0 0 0 3 2 6 0 0
00Q11C 47 F2 C l  1 A 0 0 1 2 0 35 1 B * + 4 ( R 2 ) BRANCH BASED ON D E L I M I T E R 0 0 0 3 2 7 0 0
0 0 0 1 2 0 47FC C 2 9 0 0 0 2 9 6 35 2 B DEL IMERR NO D E L I M I T E R ,  F I E L D  TOO LONG 0 0 0 3 2 8 C 0
0 0 0 1 2 4 47F 0 C12 A 0 0 1 3 0 3 5 3 B FINDKYWD BLANK,  F I N D  F I R S T  KEYWORD. 0 0 0 3 2 9 0 0
0 0 0 1 2 8 4 7 F0 C290 0 0 2 9 6 3 5 4 B DELIMERR COMMA, D E L I M I T E R  ERROR. 0 0 0 3 3 0 0 0
C0012C 47 F0 C290 0 0 2 9 6 3 5 5 B DELIMERR EQUAL S I G N ,  I N V A L I D  D E L I M I T E R . 0 0 0 3 3 1 0 0

3 5 7 * 0 0 0 3 3 3 0 0
3 5 8 LOCATE THE END OF THE VERB ( D E L I M I T E D  BY A B L A N K ) ,  MOVE THE 0 0 0 3 3 4 0 0
3 5 9 * VERB TO • VERBSAVE * ,  AND F I ND  THE NEXT NON-BLANK CHARACTER, 0 0 0 3 3 5 0 0
3 6 0 * WHICH WI LL  BE THE START OF THE F I RST KEYWORD. 0 0 0 3 3 6 0 0
36 1 * 0 0 0 3 3 7 0 0

0 0 0 1 3 0 1B18 362 FINDKYWD SR R l  ,R 8 F I N D  END OF VERB. 0 0 0 3 3 8 0 0
0 0 0 1 3 2 4 7 8 0 C290 0 0 2 9 6 3 6 3 BZ VERBERR LENGTH = 0 ,  ERROR. 0 0 C33 9 00
0 0 0 1 3 6 0 6 1 0 3 6 4 BCTP R l  , 0 -  1 FOR EXECUTE. 0 0 0 3 4 0 0 0
C 0 0 1 38 4 4 1 0 C14A 0 0 1 5 C 3 65 EX R l , VERBMVC MOVE VERB TO SAVE AREA. 0 0 0 3 4 1 0 0
0 0 0  13C 4 1 81 8 COG 0 0 0 0 0 3 6 6 LA R 8 , 0 ( R l , R8 ) POINT TO 1ST CHAR AFTER VERB. 0 0 0 3 4 2 0 0
0 0 0 1 4 0 8 6 8 6 C29C 0 0 2 9 6 3 6 7 BXH R 8 , R 6 , NOKEYWD SCAN FOR F I RS T  KEY WORD. 0 0 0 3 4 3 0 0
0 0 0 1 4 4 9 5 4 0 8 0 0 0 COOOQ 3 6 8 CL I 0 ( R 8)  , C* ■ NON-BLANK ? 0 0 0 3 4 4 0 0
0 0 0 1 4 8 4 7 8 0 C13 A 0 0 1 4 0 3 6 9 BE * - 8 NO, CONTINUE SCAN. 0 0 0 3 4 5 0 0
0 0 0 14 C 47FC C 150 0 0 1 5 6 3 7 0 B CHKEYWDS FOUND, SCAN KEYWORD. 0 0 0 3 4 6 0 0

0 0 0 1 5 0 D2 0G C2EA 8 0 0 0 0 0 2 F0 OOCOO 37 2 VERBMVC MVC VERBSAVE( 0 Ï , 0 ( R 8 ) 0 0 0 3 4 8 0 0



10A TYPICAL CONTROL CARD SCANNING PROGRAM. PAGE

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR7 0 9 / 1 6 / 7 0

3 7 4 * KEY-WORD BREAK-OUT ROUTINE. 0 0 0 3  5 0 0 0
3 7 5 * 0 0 0 3 5 1 0 0
3 7 6 * THIS ROUTINE LOCATES THE END OF A KEYWORD, COMPUTES 0 0 0 3 5 2 0 0
3 7 7 * I T ' S LENGTH,  AND BRANCHES TO THE APPROPRIATE S UB -R O UT I NE . 0 0 0 3 5 3 0 0
3 7 8 ❖ 0 0 0 3 5 4 0 0

0 0 0 1 5 6 I B  22 3 7 9 CHKEYWDS SR R 2 , R 2 RESET INDEX FOR BRANCH T A B LE . 0 0 0 3 5 5 0 0
0 C 01 5 8 DO 06 8 0 0 0 C36E 0 0 0 0 0 GO 374 3 8 0 TRT 0(  7 , R 8 ) , TRTABLE SCAM FOR D E L I M I T E R  (SHOULD BE = ) 0 0 0 3 5 6 0 0
C 0 C 15 E 47F 2 C15C 0 0 1 6 2 38 1 B * + 4 ( R 2 ) BRANCH BASED ON D E L I M I T E R . 0 0 0 3 5 7 0 0
0 0 0 1 6 2 47FG C290 0 0 2 9 6 382 B DEL IMERR NO D E L I M I T E R ,  KEYWORD IS  TOO LONG. 0 0 0 3 5 8 0 0
C G 0 16 6 47F 0 C290 0 0 2 9 6 3 8 3 B DEL IMERR BLANK,  INCORRECT D E L I M I T E R . 0 0 0 3 5 9 0 0
0 O O 16 A 47FC C 290 0 0 2 Q6 3 8 4 B DEL IMERR COMMA, INCORRECT D E L I M I T E R . 0 0 0 3 6 0 0 0
OC016E 4 1 4 0 0 0 0 6 0 00 06 3 8 5 LA R 4 , 6 EQUAL S I G N ,  SET UP TABLE I N D EX . 0 0 0 3 6 1 0 0
0 0 0 1 7 2 4 1 5 0 C1C2 GO 1C 8 3 8 6 LA R 5 , KEYWDEND ADDRESS OF END OF TABLE 0 0 0 3 6 2 0 0
0CC176 4 1 3 0 C 198 0 019  E 3 8 7 LA R 3 , KEYWDT B ADDRESS OF KEYWORD T AB LE . 0 0 0 3 6 3 0 0
C 0 0 17 A IB 1 8 38 8 SR R1 ,  R 8 LENGTH OF KEYWORD 0 0 0 3 6 4 0 0
0 0 01 7 C 4 7 8 0 0 2 9 0 0 0 2 9 6 38 9 BZ NOKEYWD = 0 ,  NO KEYWORD. 0 0 0 3 6 5 0 0
0 0 0 1 8 0 4 1 2 0 C1C 8 001CË 3 9 0 LA R2 , KWDBRT AB ADDRESS OF KEYWORD BRANCH T AB L E. 0 0 0 3 6 6 0 0
0 0 0 1 8 4 0 6 1 0 391 BCTR R l t  0 -  1 FOR EXECUTE 0 0 0 3 6 7 0 0
0 0 0 1 8 6 4 4 1 0 C192 0 0 1 9 8 3 9 2 KEYDCGMP EX R 1 , KEYWDCLC COMPARE FOR KEY-WORD. 0 0 0 3 6 8 0 0
CO 018  A 0782 3 9 3 BCR 8 ,  R 2 FOUND, GO TO APPROPRIATE ROUTINE. 0 0 0 3 6 9 0 0
00018C 4 1 2 2 0 0 0 4 0 0 o u 4 3 9 4 LA R 2 , 4 ( R 2 ) NO MATCH, POINT TO NEXT BRANCH ENTRY 0 0 0 3 7 0 0 0
0 0 C19 0 8 7 3 4 C 16 0 0 0 1 8 6 3 9 5 BXLE R3,R4 , KEYDCOMP CONTINUE SEARCH TO END OF TABLE. 0 0 0 3 7 1 0 0
0 0 0 1 9 4 4 7 F0 C29C 0 0 2 9 6 3 9 6 B I N V A L I D K I N V A L I D  KEY-WORD,  ERROR. 0 0 0 3 7 2 0 0

0 0 0 1 9 8 D500 3 000 8 CCO 0 0 00 0 0 0 0 0 0 39 8 KEYWDCLC CLC 0 ( 0 , R 3 ) , 0 ( R 8 ) 0 0 0 3 7 4 0 0

4 0 0 £ 0 0 0 3 7 6 0 0
4 01 * TABLE OF V A L I D  KEYWORDS. 0 0 0 3 7 7 0 0
4 0 2 * 0 0 0 3 7 8 0 0

0 0 0 1 °  F D5C1 0 4 C5 4 04 C 4 0 3 KEYWDT B DC CL6 * NAME * 0 0 0 3 7 9 0 0
: 0 C 1 A 4 C1C4C 4 D 9 4 0 4 0 4 0 4 DC CL6 '  ADDR' 0 0 0 3 8  GÜÜ
00G1AA D7C8D6D5C54C 4 0 5 DC C L 6 ' PHONE» C 0 0 3 8 1 0 0
C 0 016  0 C4C5D7C5D5C4 4 0 6 DC CL6*  DEPEND* 0 CQ 3 82 00
0 001B 6 C 3C 9 E 3 E 8 4 0 4 0 4 0 7 DC CL6 * C I T Y * 0 0 0 3 8 3 0 0
C001BC E 2 F 3 C1 E 3C 54 0 4 0  8 DC CL 6 * ST AT E 1 0 0 0 3 8 4 0 0
000 1C 2 E 9 C 9 D 7 4 0 4 0 4 0 4 0 9 DC CL6 * Z I P  * 0 0 0 3 8 5 0 0
0 0 0 1 C 8 4 1 0 KEYWDEND EQU ❖ C 0 0 3 8 6 0 C
0 0 0 1 C 8 E2E3C1E3E4E2 4 1 1 DC CL6» STATUS* C 0 0 3 8 7 0 0

4 1 2 0 0 0 3 8 8 0 0
4 1 3 * TABLE OF BRANCHES TO KEY-WORD SUBROUTINES. 0 C 0 3 8 9 C 0
4 1 4 * ENTRIES MATCH KEYWORDS I N  ' KEYWDTB* 0 0 0 3 9 COO
4 1 5 * 0 0 0 3 9  ICC

0 0 0 1 C F 4 1 6 KWD6RTAB DS OH 0 0 J 3 9 2 0 0
0001C F 4 7 ^ 0  C2 8E 0 0 2 9 4 4 1 7 B NAME THI S I S  JUST AN OLD "BRANCH T A B L E " . 0 0 0 3 9 3 0 0
0 0 0 1 0 2 4 7 F 0  C28E 0 02 Q4 4 1 8 B ADDRESS 0 0 0 3 9 4 0 0
C001 Do 4 7 FC C26E 0 C2 9 4 4 1 9 B PHONE QCQ3950G
0 0 C 10 A 4 7 F 0 C IE  8 0C1EE 4 2 0 B DEPENDNT 0 0 0 3 9 6 0 0
QQ01DE 4 7 FO C28E 0 0 2 9 4 4 2 1 B C I T Y 0 0 0 3 9 7 0 0
0 0 0 1E 2 4 7 F 0 C28E 0 0 2 9 4 42 2 B STATE 0 0 G 3 9 8 0 0
00Ö1E6 4 7 FC C28E 0 0 2 9 4 4 2 3 B ZIPCODE 0 0 0 3 9 9 0 0
0 0 0 1 E A 4 7 F 0 C28E 0 0 2 9 4 4 2 4 B STATUS 0 0 0 4 0 0 0 0



* * * * A l * * * * * * * * *  
* B E G I N  DEPENDENT*
*  SUBROUTINE *
* * 

***************

V
. * .

B I  * .
*  *

. ♦ ’ MORE T H A N * * .  NO 
* .  ONE DEPENDENT. *  —  

* .  ? . *
* .  . *

* .  . *
*  YES

SUBDEPND V
* * C 1  * * * * * * *

*  *
*  EN A BL E R IGHT *

*  PARENTHESIS *
*  D E L I M I T E R .  *

*  *
* * * * * * * * * * *

<-------------
V

DEPNDSCN . * .
D l  * .

* *
NO . * ’  NAME ’ * .

+—  * . D E L I M I T E D  BY .
I * .  A COMMA ? . *
I * .  . *
V * .  . *
* * * *  *  YES

* *
*  E3 *
* *

* * * *

DEPNDSC2* * * * *  £ 1 * * * * * * * * * *
*  ENTER *
*  DEPENDENT'S *
*  NAME IN NAME *
*  SAVE AREA.  *
* * 
*****************

BLNK

* * * *
* *
*  A3 * -
*  *  

* * * *

* * B 2 * * * * * * *
* *

*  SET SINGLE *
- > *  NAME F L AG .  *  +

* *
* *

***********

* * □ 2* * * * * * *
3jc 3jC

*  SET LAST *
• >*DF PENDE NT NAME *

*  F LAG .  *
*  *

***********

+ <-

GETACARD

* * * * 5 2 * * * * * * * * *  
♦RETURN TO READ *
*  A CARD.  * < -
* * 

***************
V

* * * *
* *
*  A3 *
*  *  

* * * *

CHART DEPND
PAGE 001 OF 001

* * A 3 * * * * * * *
* *

♦ POINT TO N E XT *  
— > *  NAME AND NEXT *

*  NAME SAVE.  *
* *

***********

V
. * .

B3 * .
* *

NO . * ’  LAST ’ * .  
—  * .  DEPENDENT . *  

* .  NAME ? . *
* .  . *

* .  . *
*  YES

V
. * .  LKWDTEST

C3 * .  * * C 4 * * * * * * *  * * C 5 * * * * * * *
. * * .  *  *  *  *

. *  ONLY ONE * .  NO *  RESET *  *  POINT PAST *
* .  NAME ? . *  ------------- —> *R  I GH T -P  AR EN A N D * --------------- > *  RIGHT *

* .  . *  *  ALL FLAGS.  *  * P A R E N T H E S I S . *
* . . *  *  *  *  *

*. .* *********** ***********
*  YES

V
LKWDTST1 . * .

D3 * .
*  *

NO . « D E L I M I T E R  = * .  Y ES 
—  * .  BLANK ? . *  —

* .  . *
* .  . *

* .  . *
*

* * * *
* * +----------
*  E3 * - >
* *

* * * *
DELIMERR

V* * * * 5 3 * * * * * * * * *
*  *
*  TAKE A DUMP. *
* *  

***************

. * .
D4 * .

* *
. ♦ D E L I M I T E R  = *  . YES

> * .  COMMA ? . * -----
* .  . *

* .  . *
* .  . *

*  NO
I

E4

CONTINER V 
V* * * * £ 4* * * * * * * *  *

* *
*  TAKE A DUMP. *  + --------
*  *  

* * * * * * * * * * * * * * *

> *

A E4 
I NO 

. * .
D5 * .

* #*  CARD * ’ *  
CONTI NUED ? 

* .  . *  
* .  . *

*

* .  . *
*  YES

V* * 5 5 * * * * * * *
*  *

*  TURN ON *
*  CONTINUATION *

*  F L AG .  ** *
***********



A TYPICAL CONTROL CARD SCANNING PROGRAM. PAGE 11

LOC OBJECT CODE ADDR1 A DDR 2 STMT SOURCE STATEMENT F 0 8A PR 7 0 9 / 1 6 / 7 0

4 2 6 0 0 0 4 0 2 0 0
4 2 7 * TH IS ROUTINE BREAKS OUT THE SEPARATE NAMES I N  THE «DEPENDENT* 0 0 0 4 0 3 0 0
4 2 8 * SUB- PARAMETER L I S T , ( W H I C H MAY CONTAIN FROM 1 - 1 0  SEPARATE 0 0 0 4 0 4 0 0
4 2 9 * NA ME S) ,  AND MOVES THEM TO THE AREA NAMED « DE P ND S V ' . 0 0 0 4 0 5 0 0
4 3 0 * 0 0 0 4 0 6 0 0

OOOlEE 4 3 1 DEPENDNT EQU * 0 0 0 4 0 7 0 0
0 001E E 41 81 8 0 0 2 0 0 0 0 2 4 3 2 LA R8 »2 ( R 1 , R  8) POINT TO DATA VALUE 0 0 0 4 0 8 0 0
0 0 0 1 F2 4 1 F 0 C 309 0 0 3 0 F 4 3 3 LA R 1 5 , DE PNDSV SAVE AREA FOR DEPENDENTS NAMES 0 0 0 4 0 9 0 0
0 0 0 1 ^ 6 954D 8 0 0 0 0 0 0 0 0 4 3 4 C LI 0 ( R 8 ) , C « ( • IS T H I S  A SUB-PARAMETER L I S T  ? 0 0 0 4 1 0 0 0
0 0 0  I F A 4 7 8 0 C252 0 0 2 5 8 4 3 5 BE SUBDEPND YES,  SET UP FOR MULT IP LE  NAMES. 0 0 0 4 1 1 0 0
COOIF E 9 6 2 0 C36D 0 0 3 7 3 4 3 6 01 FLAGS,ONLYONE NO, SET THE SI NGLE-NAME FLAG. 0 0 0 4 1 2 0 0
0 0 0 2 0 2 4 3 7 DEPNDSCN EQU * 0 0 0 4 1 3 0 0
0 0 0 2 0 2 1 B22 4 3 8 SR R 2 ,R 2 0 0 0 4 1 4 0 0
0 0 0 2 0 4 DDOA 8 0 0 0  C36E 0 0 0 0 0 0 0 3 7 4 4 3 9 TRT 0 ( 11 ,R8 Ï , TRT ABL E SCAN FOR THE END OF A NAME. 0 0 0 4 1 5 0 0
0 0 0 2 0 A 4 7 8 0 C290 0 0 2 9 6 4 4 0 BZ DEL IME RR NAME TOO LONG, ERROR. 0 0 0 4 1 6 0 0
00 02 0E 4 7F2 C20C 0 0 2 1 2 4 4 1 B * + 4  C R 2 ) BRANCH ACCORDING TO D E L I M I T E R  FOUND. 0 0 0 4 1 7 0 0
0 0 0 2 1 2 4 7 F 0 C 290 G0296 4 4 2 B DEL IMERR NO D E L I M I T E R ,  ERROR. 0 0 0 4 1 8 0 C
0 0 0 2 1 6 47 F 0 C 290 0 0 2 9 6 4 4 3 B DEL IMERR BLANK,  I N V A L I D  D E L I M I T E R . 0 0 0 4 1 9 0 0
0 0 0 2 1A 47F0 C22G 0 0 2 2 6 4 4 4 B DEPNDSC2 COMMA, PROCEED 0 0 0 4 2 0 0 0
0 0 0 2  I E 4 7 F 0 C290 0 0 2 9 6 4 4 5 B DELIMERR EQUAL S I G N ,  I N V A L I D  D E L I M I T E R . 0 0 0 4 2 1 0 0
C 0 0 2 2 2 964G C36D GG373 4 4 6 01 FLAGS,LASTONE SET LAST SUB-PARAMETER I N D I C A T O R . 0 0 0 4 2 2 0 0
0 0 0 2 2 6 4 4 7 DEPNDSC2 EQU ❖ 0 0 0 4 2 3 0 0
0 0 0 2 2 6 1B18 4 4 8 SR R 1,  R 8 GET LENGTH OF F I E L D . 0 0 0 4 2 4 0 0
0 0 0 2 2 8 0 6 1 0 4 4 9 BCTR R1 , 0 - 1  FOR EXECUTE 0 0 0 4 2 5 0 0

' 0 0 0 2 2 A 
g  0 0 0 2 2 E

4 4 1 0 C24C 0 0 2 5 2 4 5 0 EX R 1 , DEPNDMVC MOVE A DEPENDENT' S NAME. 0 0 0 4 2 6 0 0
4 1 FF GOG A OOOOA 451 LA R 1 5 , 1 0 ( R 1 5 ) POINT TO NEXT SPOT IN NAME SAVE AREA 0 0 0 4 2 7 0 0

0 0 0 2 3 2 41 81 80 02 0 0 0 0 2 4 5 2 LA R 8 , 2 ( R 1 , R 8 ) POINT PAST D E L I M I T E R . 0 0 0 4 2 8 0 0
0 0 0 2 3 6 9 1 4 0 C36D 0 0 3 7 3 4 5 3 TM FLAGS,LASTONE IS  T H I S  THE LAST KEYWORD ? 0 0 0 4 2 9 0 0
0 0 0 2 3 A 4 7 8 0 C I F  C 0 0 2 0 2 4 5 4 BZ DEPNDSCN NO, CONTINUE SCAN. 0 0 0 4 3 0 0 0
0 0 0 2 3 F 9 2 0 0 C3CB 0G3D1 4 5 5 MV I TRT ABL E + C * ) « , 0 D E - A C T I V A T E  THE R I G H T - P A R E N T H E S I S . 0 0 0 4 3 1 0 0
0 0 0 2 4 2 9 7 2 0 C36D 0 0 3 7 3 4 5 6 XI F L AG S , ONLYONE YES,  WAS I T  ALSO THE ONLY ONE 0 0 0 4 3 2 0 0
0 0 0 2 4 6 4 7 8 0 C262 0 0 2 6 8 4 5 7 BZ LKWDTST1 YES,  GO CHECK FOR LAST KEY-WORD. 0 0 0 4 3 3 0 0
Q0024A 949F C36D 0 0 3 7 3 4 5 8 NI TURN,OFF—LASTONE—ONLYONE 0 0 0 4 3 4 0 0
0 0 0 2 4 E 4 7 F 0 C25E 0 0 2 6 4 4 5 9 B LKWDTEST NO, GO CHECK FOR LAST KEY-WORD. 0 0 0 4 3 5 0 0

0 0 0 2 5 2 D200 F 000 80GG 0 0 0 0 0 0 0 0 0 0 4 6 1 DEPNDMVC MVC 0 ( G , R 1 5 ) , 0 ( R 8 ) 0 0 0 4 3 7 0 0

0 0 0 2 5 8 9 2 1 0 C3CB 00 3D 1 4 6 3 SUBDEPND MV I T R T A B L E + C ' ) « , 1 6 ACTI VA TE  D E L I M I T E R  FOR END OF A SUB­ 0 0 0 4 3 9 0 0
0G025C 4 1 8 8 0 0 0 1 0 0 0 0 1 4 6 4 LA R 8 , 1  ( R 8 ) PARAMETER L I S T . POINT PAST THE 0 0 0440 QC
0 0 0 2 6 0 47F 0 C1FC 0 0 2 0 2 4 6 5 B DEPNDSCN L E F T - P A R E N .  AND GO SCAN THE L I S T . 0 0 0 4 4 1 0 0

J



A TYPICAL CONTROL CARD SCANNING PROGRAM. PAGE 12

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 / 1 6 / 7 0

4 67 * THIS ROUTINE DETERMINES IF THERE ARE MORE KEYWORDS, OR I F  THE 0 0 04 4 3 0 0
468 * CARD IS CONTINUED. (NGN- BLANK IN COLUMN 7 2 ) . 0004440C
469 * 0 0 0 4 4 5 0 0

0 0 0 26 4 4181 8001 G0001 4 70 LKWDTEST LA R 8 , 1 ( R 1 , R 8 ) POINT TO DELIMITER AFTER VALUE. 0 0 0 44 6 00
0 0 02 68 9540 8000 00000 471 LKWDTST1 CLI 0 ( R 8 ) , C' ' IS THE DELIMITER A BLANK ? 0 0 0 4 4 7 0 0
00026C 4 780 C0C8 OOOCE 4 72 BE GETACARD YES, END OF INPUT STATEMENT 000448CC
0 0 0 2 7 0 956B 8000 00000 473 CLI 0 ( R 8 ) , C 1, ' NO, I S I T  A COMMA ? 0004490C
0 0 02 74 4770 C290 00 296 474 BNE DEL IMERR NO, INCORRECT DEL IMI TER. 0 00 45 0 00
0 0 02 78 4188 0001 C0C01 475 LA R 8 , 1 ( R 8 ) IS A COMMA, POINT TO NEXT CHARACTER. 0 0 04 51 0 0
0 0 0 2 7 C 9 540 8000 00000 476 CLI 0 ( R 8 ) , C ' • IS I T  A BLANK ? 0 0 0 4 5 2 0 0
00 028 0 477 0 C150 001 56 477 BNE CHKEYWDS NO, SCAN NEXT KEYWORD. 0 0 04 5 3 0 0
0 0 G 2 8 4 9540 7001 00001 478 CLI 1 ( R 7 ) , C '  ' YES, I S THE CARD CONTINUED ? 0 0 04 54 0 0
0 0 02 88 4780 C290 0 0 2 96 479 BE CONT INER NO, ERROR IN CONTINUATION. 0 0 04 55 0 0
0Ü028C 9680 C36D 00373 480 01 FLAGS,CONTINUE YES, SET CONTINUATION I N DI CA T IO N . 0 0 04 5 6 0 0
00 029 0 47F 0 COC 8 OOOCE 481 B GETACARD AND GO READ ANOTHER CARD. 0 00 45 7 00

4 83
4 84
4 85
486
4 87
4 88
489
490
491
492
493
4 94
495
496
497 
49 8
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515

***********************************************************************
*
❖
*
*
*
*
♦
*
*
*
*
*
*
*
*
*
*
❖
*
*
❖
❖
❖

ANSWER THESE QUESTIONS ABOUT THE CARD SCANNING PROGRAM.

1.  IN THE INSTRUCTION LABELED • CHKEYWDS* , WE ZERO REG 2 EVERY 
T I ME .  WHY ??

2 .  IN THE "DEP ENDNT" SUB-ROUTINE,  WHICH I NSTRUCT I O N ( S) SET(S)  
UP THE ADDRESS OF THE NEXT SUB-PARAMETER BEFORE SCANNING ?

3 .  WHICH INSTRUCTION INDICATES THAT A M '  LEFT-PARENTHESIS 
HAS BEEN FOUND ?

THE NEXT TWO QUESTIONS REFER TO THE ' DEP ENDNT * SUBROUTINE.

4 .  WHICH INSTRUCTION ENABLES THE ' ) •  RIGHT-PARENTHESIS 
DELIMITER WHEN A SUB-PARAMETER L I ST IS FOUND ?

5 .  USING THE CODE STARTING AT ' LKWDTEST ' ,  WOULD THE 
COMBINATION:  COMMA, BLANK AND COL. 72 BLANK BE VALID ?

6 .  ACCORDING TO THE I N I T I A L I Z A T I O N  CODE, WHICH COLUMNS 
OF THE.CARD MAY CONTAIN "VERBS”  OR "KEYWORDS" ?

7 .  WHAT IS THE MAXIMUM ALLOWABLE "VERB"  LENGTH ?

*  8 .  WHICH I NSTRUCTION!S)  MOVE(S) THE DEPENDENT'S NAME( S ) TO
*  THE 'DEPNDSV'  AREA ?
*
* * * * * * * *  WHEN YOU REACH THIS POINT,  DISPLAY THE RED SIDE OF YOUR
*  "ANSWER CUE".
*
***********************************************************************

0 00 45 9 00  
0 0 04 6 0 0 0  
0 0 0 46 1 00  
0 0 0 46 2 00  
0 0 04 6 3 0 0  
0 00 46 4 00  
0 0 0 4 6 5 0 0  
0 0 0 46 6 00  
0 0 04 6 7 0 0  
0 00 46 8 00  
0004690G 
00047 COO 
0 0 04 7 1 0 0  
0 00 47 2 00  
0 0 0 47 30 0 
0 0 0 4 74 0 0 
0 0 04 75 0 0 
0 0 04 7 6 0 0  
0 0 047 70 0 
0 00 47 8 00  
0 0 0 4 79 0 0 
0 0 04 80 0 0 
0 0 04 8 1 0 0  
0 0 04 82 0 0 
0 00 48 3 00  
0 0 0 48 4 00  
0 0 0 4 85 0 0 
0 00 48 6 00  
0 0 04 8 7 0 0  
0 0 0 4 88 0 0 
0 0 04 8 9 0 0  
0 0 04 90 0 0 
0 00 49 1 00



A TYPICAL CONTROL CARD SCANNING PROGRAM

LOG OBJECT CODE ADDR1 ADDR2

000294 
0 00294 
0 00 29 4 
00 029 4 
00 029 4 
0 00 29 4 
0 00 29 4 OOOB

000296 
0 00 29 6 
000296 
0 00296 
000296 
000 29 6 
00 029 6 0 014
00 029 8 4 7 F O C46E 0 04 74

00029C 0 0 0 0 0 2 AO 
0002A0 
0002F0 

lo 0002F6 
© 00030F 

0 00373 00 
0000FF
00 037 3 
0 0 00 80  
0 00 04 0  
0 00 02 0
0 0 0 37 4  00000 00 00 000 0G0 0 
0003B4
0003B4 04 
0003DF 
0003DF 08 
0003F2 
0003F2 OC 
0 0 0 47 4

STMT SOURCE STATEMENT

517 NAME EQU *
518 ADDRESS EQU *
519 CITY EQU *
520 STATE EQU *
521 ZIPCODE EQU *
522 STATUS EQU ♦
523 PHONE DC H» 1 1 '

525 CONTINER EQU *
526 DELIMERR EQU *
527 NOVERB EQU *
528 VERBERR EQU *
529 NOKEYWD EQU *
530 I NVALI DK EQU *
531 DC H* 2 0 '
532 B ENDOFILE

534 CARDPTR DC A(CARDAREA)
535 CARDAREA DS 80C
536 VERBSAVE DS CL6
537 NAMESAVE DS CL2 5
538 DEPNDSV DS CL100
539 FLAGS DC X'  0»
540 OFF EQU 255
541 TURN EQU FLAGS
542 CONTINUE EQU X • 80 *
543 LAST ONE EQU X 1 4 0 1
544 ONLYONE EQU X ' 2 0 '
545 TRTABLE DC 2 5 6 X ' 0 0 '
546 ORG TR T ABLE+C•
547 DC X'  0 4 '
548 ORG TRTABLE+C■,
549 DC X» 0 8 '
550 ORG TRT ABLE+C' =
551 DC X'  OC*
552 ORG TRT ABL E + 2 56

PAGE 13

F08APR70

THESE NAMES ARE HERE TO MAKE THE 
ASSEMBLER FIND SOLACE IN SYMBOL 
RESOLUTION, AND FOR NO OTHER 
PURPOSE. THE ROUTINES WHICH WOULD 
BE USED TO HANDLE THESE KEY—WORDS 
DO NOT EXI ST,  FOR THE SAKE OF 
S I M PL I C I TY  OF THE EXAMPLE.

I N A " REAL"  PROGRAM, THESE WOULD 
BE NAMES OF ERROR ROUTINES THAT 
WOULD PROBABLY PRINT A DIAGNOSTIC 
MESSAGE INFORMING THE PROGRAM'S 
USER OF HIS SYNTAX ERROR.

ERROR, TAKE A DUMP.
AND TERMINATE THE CARD SCAN.

INPUT BUFFER FOR A CARD 
SAVE AREA FOR A VERB.
SAVE AREA FOR A NAME.
SAVE AREA FOR DEPENDENTS NAMES.

CONTINUATION FLAG.
LAST KEYWORD FOUND FLAG. 
SINGLE KEY-WORD VALUE FLAG.

BLANK

COMMA

EQUAL SIGN.

9 / 1 6 / 7 0

0 0 0 4 9 3 0 0
0 0 04 9 4 0 0
0 0 0 4 9 5 0 0
0 0 04 9 6 0 0
0 0 04 9 7 0 0
0 0 0 4 9 8 0 0
0 0 0 4 99 0 0

0 0 0 5 0 1 0 0
0 0 0 5 02 0 0
0 0 0 5 0 3 0 0
0 0 05 0 4 0 0
0 0 0 5 0 5 0 0
0 0 0 5 0 6 0 0
0 0 0 5 07 0 0
0 0 05 0 8 0 0

0 0 05 1 0 0 0
0 0 0 5 1 1 0 0
0 0 0 5 1 2 0 0
0 0 0 5 1 3 0 0
0 0 0 5 1 4 0 0
0 0 05 1 5 0 0
0 0 0 5 1 6 0 0
0 0 0 5 1 7 0 0
0 0 0 5 1 8 0 0
0 0 0 5 1 9 0 0
0 0 0 5 2 0 0 0
0 0 05 2 1 0 0
0 0 0 5 2 2 0 0
0 0 0 5 2 3 0 0
0 0 0 5 2 4 0 0
0 0 0 5 2 5 0 0
0 0 0 5 2 6 0 0
0 0 0 5 2 7 0 0
0 0 0 52 8 00



211

F . P .  REGS. G0.06DCC1 0 00 1C529 8 0 . C6 D4 76  00070FA8 4 0 . 06 Ü BA 6 OOO6 DOE8 0 0 .0 1 A D A 0  QOOOOOOO

REGS 0 - 7  FFFFFF2E 0 0 0 0 0 0 0 7  0 0 00 0 0 1 0  00 02A 41 0 0 0 00 0 0 0 6  0 00 2A 4 28  0 00 00001 0 0 02A 54 6
REGS 8 - 15  0002A54A COOOOOOO 0001DB08 0 0 0 00 0 00  6F0 2A2 66  0002A9C8 4F02A350 0002A5AB

o o o c o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o o o 0 0 0 2 A 2 6 0 OOOOOOOO F F 0 4 0 0 8 0 A 000 A9 3C * .......................
0 0 0 0 2 0 FFC500G0 6 F 0 7 E 9 F 2 F F C 5 0 0 0 1 4 F 0 2 A 3 3 0 OOOOFFOO o o o o o o o o F F 0 6 0 2 3 1 8 0 0 0 0 0 0 0

CMCMLU

0 0 0 0 4 0 0 0 0 3 6 6 A  C o c o o o o o o 0 0 0 0 1 4 D 0 0 0 0 0 5 9 2 0 0 2 C 0 1 3 A 4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 * .......................
0 0 0 0 6 0 0 0 0 4 0 0 0 0 CÜ0C7BC8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 OOOOOOOO 0 0 0 1 2 D 1 0 0 0 0 4 0 0 0 0 0 0 0 0 7 5 1 A * ................. H .

0 2 A 2 6 0 9CECD00C 05CÜ41F0 C 6A250FD 0 0 0 8 5 0 D F 0 0 0 4 1 8 D F D 7 0 3 D 0 0 8 D 0 0 8 5 8 F 0 C 0 2 2 D 2 0 1 o -n

0 2 A 2 8 0 F00GCC26 4 7FGC04C 0 0 0 2 A C 16 0 7 F E 0 0 2 2 E3C8C9E2 4 0 C 9 D 5 4 0 C l  0 5 4 0  E4 D5D2D5D6 * 0 . . . . 0 . . . IN AN UNKNG*
C2A2AC E6D540 D3 C5D5C7E3 C 840D4C5 E2E2C1C7 C 5 4 B 4 1 3 0 C 0 2 8 4 8 4 3 0 0 0 0 4 1 5 3 0 0 0 2 4 1 6 0 *WN LENGTH MESSAGE . . . .
02 A2 C0 C 0 7 8 1 2 4 4 4 7 8 0 C 0 7 8 D 2 0 0 6 C 0 0 5 0 0 0 4 1 5 5 0 0 0 1 4 1 6 6 0 0 0 1 4 6 4 0 C 0 6 2 4 7 F 0 C0A0E3C 8 * ....................K
0 2 A 2 E 0 C9 E 24 0 C9 D540C1D5 40E4 D5 D2 D 5D6E6D5 40 D3 C5D 5 C 7E 3 C8 4 0 D4C5E2E2 C1C7C54B * I S  IN  AN UNKNOWN LENGTH MESSAGE. *
0 2 A 3 0 0 4 0 4 0 4 0 4 0 4 0 4 0 4 8 4 3 0 0 0 0 0 6 4 0 4 2 4 0C 0A B D221CC78 3 0 0 2 4 8 4 3 0 0 0 0 0 6 4 0 4 4 4 0 C 0 B  E *  • .  •
0 2 A 3 2 0 4 7 F0 C0 C4 D200 C078 3 0 0 2 4 7 F 0 COCAOO17 9 1 8 0 C 3 6 D 4 710C0DC 9 2 4 0C 2E A 02 8 1C 2E B * . O . D K . . . . . . 0 . . . . . . C . . . . . .  B . K . B . *
0 2 A 3 4 0 C 2EA947F C 36D 4110 C 2 9 6 5 8 F 0 C6EA05EF 58F0C6EE 9 5 0 0 F 0 0 3 4 7 7 0C 4 6 E 4 1 8 0 C 2 9 A * B . . . C . . . B
02A3  60 4 1 6 0 0 0 0 1 4 1 7 0 C 2 E 0 8 6 8 6 C 2 9 0 9 5 4 0 8 0 0 0 4 7 8 0 C 1 0 2 1 B 22 0 D 0 7 8 0 00C 36 E 4 7 F 2 C 1 1 A * .............. B.  .
0 2 A 3 8 0 47F OC 2 9 0 47 F 0C 12 A 47 F 0C 29 C 4 7 F 0 C 2 9 0 1 B 1 8 4 7 8 0 C 2 9 0 0 6  10 4 4 1 0 C 1 4 A 4 1 8 1 8 0 0 0 .«<oCOo

OB . . O B . . . . .B . . . . . A ............*
02 A3 A 0 8 6 8 6 C 2 9 0 9 5 4 0 8 0 0 0 4 7 8 0 C 1 3 A 4 7 F 0 C 1 5 0 D200C2EA 8 0 0 0 1 B 2 2 DD06800C C 3 6 E 4 7 F 2 * .  . B ...............
02 A 3C0 C 1 5 C 4 7 F 0 C 2 9 0 4 7 F 0 C 2 9 0 4 7 F 0 C 2 9 0 4 1 4 0 0 0 0 6 4 1 5 0 C 1 C 2 4 1 3 0 C 1 9 8 1 B 1 8 4 7 8 0 C 2 9 0 * A . . O B . . O B . . O B * .  . . • . A B • . A ............B . *
0 2 A3 E 0 4 1 20 C 1 C 8 C 6 1 0 4 4 1 0 C 1 9 2 0 7 8 2 4 1 2 2 0 0 0 4 87 34 C1 8 Ü 4 7 F 0 C 2 9 0 D 5 0 0 3 0 0 0 8 0 0 0 D 5 C 1 * . . A H . . . .A . . . . . . . . . A . . OB . N ............NA*
0 2 A 4 0 0 D4C5404G C1C4C4D9 4 0 4 0 D 7 C 8 D 6D5C540 C4C5D7C5 D5C4C3C9 E 3 E 8 4 0 4 0 E2E3C1E3 *  ME ADDR PHONE DEPENDCITY S T A T*
0 2 A 4 2 0 C 5 40 E 9C 9 D 7 4 0 4 0 4 0 E2E3C1E3 E 4 E2 4 7 F 0 C 28 E 4 7 F 0 C 2 8 E 4 7 F 0 C 2 8 E 4 7 F 0 C 1 E 8 4 7 F 0 * E  Z I P  S TA TU S. OB .  . 'CB . . O B . . 0 A Y . 0 *
0 2 A 4 4 0 C 2 8 E 4 7 F 0 C 2 8 E 4 7 F 0 C 2 8 E 4 7 F 0 C 2 8 E 4 1 8 1 8 0 0 2 4 1 FO C 3 0 9 9 5 4 D 8 0 0 0 4 7 8 0 C2 5 2 9 6 2 0 * B . . O B . . O B . . O B . . . . . .OC . . ............B . . . *
0 2 A 4 6 0 C 36D 1B2 2 DD0A8000 C 3 6 E 4 7 8 0 C 2 9 0 4 7 F 2 C20C4 7F0 C 2 9 0 4 7 F 0 C 2 9 0 4 7 F 0 C 2 2 0 4 7 F 0 * C ................. C . . . B . . 2 B . .OB . . o CD O CD O

0 2 A 4 8 0 C 2 9 0 9 6 4 0 C36D1 B1 8 0 6 1 0 4 4 1 0 C 2 4 C 4 1F F 0 0 0 A 4 1 8 1 8 0 0 2 9 1 4 C C36D47  80 C 1 F C 9 2 0 0 * B . .  C . . . .
02 A4 A0 C 3CB972G C 3 6 D 4 78 0 C 2 6 2 9 4 9 F C 3 6 D 4 7 F 0 C25ED2C0 F 0 0 0 8 0 0 0 92 10C3CB 4 1 8 8 0 0 0 1 * C . . . C . . . B

ro 02 A 4C0 47 F0C1FC 4 1 8 1 8 0 0 1 9 5 4 0 8 0 0 0 4 7 8 0 C 0 C 8 9 5 6 B 8 0 0 0 4 7 7 OC2 9 0 4 1 8 8 0 0 0 1 9 5 4 0 8 0 0 0 * . 0 A ...............
-  0 2 A 4 E 0 4 7  7 OC 15 0 9 5 4 0 7 0 0 1 4 7 8 0 C 2 9 0 9 6 8 0C 36 D 47 F 0C 0C 8 000 BOO 14 47 F 0C 46 E 0 0 0 2 A 5 0 0 * .  . A ..............

0 2 A 5 0 0 4 0 C1 C4 C4 40C4C5D7 C5D5C47E 4DC5E9C5 D2C9C1D3 6BC1C2C1 C7C1C9D3 6BC5E9D4 *  ADD D E P E N D . . E Z E K I A L . A B A G A I L • EZM*
0 2 A 5 2 0 C5D9C5D3 C4C16BC8 C5D7E9C5 C2C1C86B C8C5D9D4 C9D6D5C5 6BC3C8C1 E4D5C3C5 * ER ELD A. HEP ZEB AH .H ER MI ON E. CH AU NC E*
0 2 A 5 4 0 E85D404G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 C1C4C440 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 * Y . ADD *

0 2 A 5 6 0 4 0 4 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 C 5 E9C5D2C9 C 1 0 3 4 0 4 0 40C1C2C1 C7C1C9D3 * E ZE K I A L A B A G A I L *
0 2 A 5 8 0
0 2 A5 A 0

4 0 4 04 0 C  5 
4 0 C 3 C 8 C 1

E9D4C5D9 
E4D5C3C 5

C5D3C4C1 
E 8 4 0 4 0 4 0

40 C8C5D7
4 0 4 0 4 0 4 0

E9C5C2C1
4 0 4 0 4 0 4 0

C 84 0 4 0 C 8
4 0 4 0 4 0 4 0

C5D9D4C9
4 0 4 0 4 0 4 0

D 6D5C5 40
4 0 4 0 4 0 4 0

*  EZ MERE LDA HEPZEBAH
*  CHAUNCEY

HERMIONE *  
*

0 2A5 C0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO *
02 A5 E0 OOOGOGGG- 0 0 0 0 0 0 0 0 OOOOOOOG OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO ..............
0 2 A 6 0 0 OCOGOOOG 0 0 0 0 0 0 0 0 OOOOOOOG OOOOOOOO OOOOOOOO 0 4 0 0 0 0 0 0 OOOOOOOO OOOOOOOO * • • • • • • • • •
02A62C OOOOOOOG OOOOOOGO OOOOOOOG OOOOOOOO OOOOOOOO OOOOOOOO COOOOOOO 0 0 0 0 0 0 0 8 $ .......................
0 2 A 6 4 0 0 0 0 0 0 0 0 0 OOOOOOGO 0 0 0 0 0 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO * .......................
0 2 A 6 6 0 OOOOOOGO 0 0 0 0 0 0 0 0 OOOCOOOO COOOOOOO OOOOOOOO OOOOOOOO o o o o o o o o o o o o o o o o *  . ....................
0 2 A 6 8 0 OOOGCOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO o c o o o o o o

0 2 A 6 A 0 OOOOOOOG 0 0 0 0 0 0 0 0 OOOOOOGO o o o o o o o o OOOOOOOO OOOOOOOO COOOOOOO o o o o o o o o $ .................
0 2A6 C0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o o o OOOOOOOO 92 0 0C 3C B 9200C3EC 9 4 0 0C 3 6 D ❖ .......................
02A6EC 41 60C 4A C 1B22DDC8 6C00 C36E 4 7 F 2 C 4 8 A 47 F0C4E C 9 6 4 0 C 3 6 D 1 B 1 6 4 7 8 0 C 49C 45E 0 * .  . D ...............
0 2 A7 0 0 C 4 E E 9 14 0 C 3 6 D 4 7 10 C 6 9 6 4 1 6 1 6 0 0 1 4 7 F 0 C47EE3C8 C5E2C56B C 109C56B E3C8C56 B * D . . C . . .F ...............OD.THESE . A R E . T H E . *
0 2 A 7 2 0 C6C9C5D3 C4E26BE4 E2C5C46 B C 2E86BE3 C8C56BC4 C9C3E3C 9 D 6D 56 06B C1D9E86B * F I  E L D S . U S E D . B Y . T H E . D I C T I O N . . A R Y . *
C 2 A 74 0 C 2E4C9D3 C4C9D5C7 6BD7D9D6 C7D9C1D4 4 0 0 0 0 0 1 2 9 0 0F C5  8 A 1 8 3 1 0 6 3 0 8 9 3 0 0 0 0 2 * B U I L D I N G . PROGRAM . . . .
0 2 A 7 6 0 4 1 F 3C 566 8 8 3 0 0 0 0 2 5 8 B F 0 0 0 0 1 2 B B 4 7 7 0 C52 E 58 B 0 C5CAD702 BOOOBOCO D 2 0 2 F0 0  1 * . 3 E ..............
0 2 A 7 8 0 C5CB443  0 C55E41BB 3 0 0 6 5 O B 0 C 5C A980 F C58A07 FE 1 2 B B 4 7 8 0 C 5 4 A 4 4 3 0 C 5 5 8 4 7 8 0 * E . . . E . . . .
0 2 A7 A 0 C 5 2 8 D 20 2 C 58 7 B 0 0 0 5 8B0C58 6 4 7 F 0C 5 2 E 58B0C5CA D 2 0 2 B 0 0 0 F 0 0 1 4 7 F 0 C 5 1 6 0 5 0 0 * E . K . E .  . . . • E . . O E . . . E . K • . z:LUoo

0 2 A7 C0 B C0360 0Ü D 200B003 6 0 0 0 0 C 0 0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO ^ . . . . K . . . .
02 A7 E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOOOOOOO 4 AB0930A 4 7 F 0 9 2 7 2 4 8 E 0 6 0 0 0 4 2 E 0 5 0 0 C * . ............ ..
0 2 A 8 0 0 9 6 F 0 5 0 0 C 89EGÖ004 4 1 E E 0 0 3 8 4 1 6 6 0 0 0 0 1 B 6 E 92 6 1 5 0 0 B 4 7 F 0 9 2 AC 41 11 0 0 0 0 0 AO A * . 0 .................
02 A 82 0 4 7 F 0 9 0 2 8 0 0 0 3 2 DCO 0 0 0 3 0 0 9 0 0 0 0 3 2 D E 0 0 0 0 2 A 8 3 4 OOOOOOOO OOOOOOOO o o o o o o o o * . 0 .................
0 2 A 8 4 0 OOOOOOGO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO o o o o o o o o * .......................
0 2 A 8 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO o o o o o o o o * .......................
0 2 A 8 8 0 > OOOOOOOG 0 0 0 0 0 0 0 0 o o o o o o o o O O O O O O O O O O O O O O O O O O O O O O O O , O O O O O O O O , o o o o q o Q O  . * .......................
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02A8AC OOOOOOÜO OOOOGOCO OOOOOOOO 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  COOOOOOO 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0  * ........................................................................................ *
02A8C0 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO * ...............................................  *
02A8EG OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO Q01E58DD * . .......................................................................................*
0 2 A 9 00  0 0 0 49 8 E C  DG0CÖ7FE 9 6 0 F 1 0 0 F  0 0 0 3 6 7 6 8  O0C2AF54  4 F 0 2 A 3 5 0  0 0 0 2 A E F 8  FFFF FF2 E * ...............................................   8 . . . . *
0 2 A 9 2 0  0 0 0 2A 4 FC  0001DAFC 0 0 0 2 A 2 8 E  0 0 0 0 0 0 2 1  0 0 0 2 A 2 B 2  0 0 0 2 A 3 0 0  0 0 0 1 9 5 9 8  0 001D AE0  * ...................   *
0 2 A 9 4 0  OOOOOOOO 0 0 0 1 D B 0 8  OOGOOOOO 6 F 0 2 A 2 6 6  0 0 02 A E F 8  00 02AFF C 90ECD00C 0 5 C 0 0 4 F 0  * ...................................................8 ..............................O*

3 2 AF 0 0  C 05 6 5 0 F D  0 0 0 85 0 DF  0 0 04 18 D F D 703 D0C8  D 0 0 8 5 8 5 1  0 0 0 0 9 1 1 0  C0CE471 0  C 0 2 C 0 7 0 0  * ................................ P ....................................................*
0 2 A F 2 0  45 1 GC 02 A  8 0 0 2 A F9 C  0 A 1 3 4 1 1 0  C 0 9 E 1 8 0 5  5 8 F 0 1 0 3 0  05EF58DD 00 04 98 E C D00C0 7FE  * ............................................. O ........................ ..............*
O2 AF4 O 45 1GC04A  8 0 02A F9 C 0 A 1 4 9 2 0 1  C 1 0 1 4 7 F 0  C 0 3 8 4 3 0 A  0 0 0 1 5 8 E 0  0 0 0 2 A 9 0 8  OOOOOOOO * ................................ A . . 0 ............................................*
O2 AF60 9 5 9 8 9  1FE A C 0 1 4 7 5 0  4 F 0 2 A F 3 6  1 2 0 7 D 9 3 8  0 0 C 2 A 5 0 0  0 0 0 2A F9 C  0001DAFC 0 0 0 2 A 2 8 E  * .......................................R ..............................................*
0 2 A F 8 0  0 0 0 0 0 0 2 1  0 0 0 2 A 5 0 0  0 0 0 2 A 3 0 0  0 0 0 1 9 5 9 8  00 01DA E0  4 F 0 7 D 9 F 0  0 0 0 7 F 0 2 0  OOOOOOOO * ............................................................ R 0 . . 0 ............. *
0 2 AFA C 2DC0000G 0 0 3 E 0 0 0 5  0 0 0 0 8 6 5 2  G0 28 1C 7E  0 2 0 3 6 6 A 0  0 0 5 0 4 0 0 0  G 0 0 0 0 0 0 1  0 4 0 2 A F 4 0  * ..........................................................     *
02 AF C0  8 OOOOOOC 0 0 4 0 5 0 0 0  C 0 0 1 C 9 2 4  1 2 0 7 D 9 3 8  0 0 0 7 F 0 2 0  0 B 0 0 0 0 0 1  1 0 0 1 0 0 5 0  0 0 0 0 5 0 0 0  * ...........................I . . . R . . . 0 ................................... *
0 2AF F0  0 0 0 3 6 6 4 8  0 0 0 3 6 7 4 8  0 0 0 3 6 7 4 8  0 0 0 0 0 0 5 0  0 0 0 0 0 0 0 1  OOOOOOOO 0 0 0 7 E 9 2 8  OOOOOOOO * ........................................................................Z .............*
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A TYPICAL CONTROL CARD SCANNING PROGRAM PAGE 14

LOC OBJECT CODE ADDP.1 ADDR2 STMT SOURCE STATEMENT F 08APR70 9/16/70

55 4
55 5
55 6
5 5 7
5 5 8
5 5 9
5 6 0
561
56 2
5 63  
5 64
565
5 66
5 6 7
56 8
5 6 9
5 7 0
571
5 7 2
57 3
57 4
57 5
5 7 6
5 7 7
57 8
5 7 9  
5 80

*
*
*
*
*
*
*
*
*

❖
❖
❖
*
*
*
❖

*
*
❖
❖

*
❖

ANSWERS TO THE QUESTIONS ON THE CARD SCANNING PROGRAM,

1 .  TO ZERO THE INDEX VALUE USED TO INDEX INTO THE BRANCH 
TABLE.

2 .  THE LOAD ADDRESS • LA R 8 , 2 ( R 1 , R 8 )  POINT PAST D E L I M I T E R '  
INSTRUCTION SETS UP THE ADDRESS.

3 .  THE STATEMENT ' BE SUBDEPND » I N D I C A T E S  THAT A LEFT 
PARENTHESIS HAS BEEN FOUND.

4 .  THE STATEMENT 'SUBDEPND MVI TR TA BL E +C • ) ' , 1 6  » SETS
THE R IGH T- PA R EN TH E SI S  UP AS A D E L I M I T E R .

5 .  NO.  YOU W I L L  HAVE TO PUMP THE CODE TO PROVE T H I S .

6 .  ONLY COLUMNS 2 - 7 1  MAY CONTIAN VERBS.

7 .  THE MAXIMUM VERB S I Z E  I S  7 BYTES.

8 .  THE STATEMENTS '  EX R 1 « DEPNDMVC ' AND
'DEPNDMVC MVC 0 ( 0 , R 15 ) , 0 ( R 8 ) '  MOVE THE VERB TO THE
' VERBSAVE' AREA.

0 0 0 5 3 0 0 0  
0 0 0 5 3 1 0 0  
0 0 0 5 3 2 0 0  
0 0 0 5 3 3 0 0  
0 0 0 5 3 4 0 0  
0 0 0 5 3 5 0 0  
0 0 0 5 3 6 0 0  
0 0 0 5 3 7 0 0  
0 0 0 5 3 8 0 0  
0 0 0 5 3 9 0 0  
0 0 0 5 4 0 0 0  
0 0 0 5 4 1 0 0  
0 0 0 5 4 2 0 0  
0 0 0 5 4 3 0 0  
C 0 0 5 4 4 0 0  
0 0 0 5 4 5 0 0  
0 0 0 5 4 6 0 0  
0 0 0 5 4 7 0 0  
0 0 0 5 4 8 0 0  
0 0 0 5 4 9 0 0  
0 0 0 5 5 0 0 0  
0 0 0 5 5 1 0 0  
0 0 0 5 5 2 0 0  
0 0 0 5 5 3 0 0  
0 0 0 5 5 4 0 0  
0 0 0 5 5 5 0 0  
0 0 0 5  5 6 0 0
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A TYPICAL CONTROL CARD SCANNING PROGRAM PAGE 15

LCC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70

5g2 i t * * * # * * * * * * * * * # * * * - * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * *

5 8 3  *
58 4  *  SO ENDS THE F I R S T  OF THE TWO PROGRAMS CONTAINED IN THIS
5 8 5  *  SECTION.  THE NEXT PROGRAM I S  NOT RELATED IN ANY WAY TO
5 8 6  *  THE ONE YOU HAVE JUST BEEN THROUGH.
5 8 7  *
5 8 8  *  THE PROGRAM IS  BROKEN UP INTO TWO DISCRETE S ECTIONS,
589  *  EACH WITH I T ' S  OWN SET OF QUESTIONS.  READ THE PROLOGUE
5 9 0  *  TO EACH ROUTI NE ,  SCAN OVER THE CODE, AND THEN ANSWER
59 1 *  THE QUESTIONS,  WHICH WILL DRAW YOUR ATTENTION TO SOME
592  *  OF THE MORE IMPORTANT FACETS OF THE CODE. WRITE YOUR
5 9 3  *  ANSWERS TO THE QUESTIONS I N  THE LEFT MARGIN OF THE
594  *  PAGE.  THE ANSWERS WILL  BE DISCUSSED IN THE WORK-SHOP
5 9 5  *  SESSION ON T H I S  T O P I C .  HAVE A B A L L . . . .
5 9 6  *
5 97 j * * * # # # # * * * # : * # * * # # * # * * * # * * * * # # * * # * # # # # * * * * # # # * # # # * * # # # # # # * # * * * # # # # : * * * * * *

9 / 1 6 / 7 0

0 0 0 5 5 8 0 0  
0 0 0 5 5 9 0 0  
0 0 0 5 6 0 0 0  
OCO 5 6 1 0 0  
0 0 0 5 6 2 0 0  
0 0 0 5 6 3 0 0  
0 0 0 5 6 4 0 0  
0 0 0 5 6 5 0 0  
0 0 0 5 6 6 0 0  
0 0 0 5 6 7 0 0  
0 0 0 5 6 8 0 0  
0 0 0 5 6 9 0 0  
0 0 0 5 7 0 0 0  
0 0 0 5 7 1 0 0  
0 0 0 5 7 2 0 0  
0 0 0 5 7 3 0 0
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ENDOFILE

* * * *  A l  * * * * * * * * *
*  BEGIN *
*  P OS IT I ON AL  *  
*P ARAM ETER SCAN ** * * * * * * * * * * * * * *

V* * * * *  B]  ̂* * * * * * * * * *  
*  *  
*HOUSEKEEP ING -  *  
« I N I T I A L I Z A T I O N . *
* *
* *
*****************

SCANLOOP V* * * * *  c i * * * * * * * * * *

*  SCAN FOR A *
*  D E L I M I T E R .  **  *
*  *
* * * * * * * * * * * * * * * * *

A

+-

V
. * .

A2 * .*  *
COMA . * *  * * .  NONE
+—  *  .WHAT WAS I T ?  . * -------

*  . . *
*  . . *

*  • . *
*  BLNK

* * B 2 * * * * * * **  *
*  SET LAST *

*  VALUE F L A G .  *
*  *

*  *
* * * * * * * * * * *

V
. * .

C2 * .
. *  * .

• *HOW LONG I S * .  1—8
*  . THE F I E L D  ? . * ------

*  . . *
*  . . *

*  . . *
*  ZERO

PUMPIT . * .
^D2 * .

. « ‘ "END OF - * .  YES
*  . STRI NG ? . * -----

*  . . *
*  .  . *

* .  . *
*  NO

V
* * E  2 * * * * * * *

*  *
« P O I N T  TO NEXT*

*  F I E L D .  *
*  *

*  *
* * * * * * * * * * *

CHART P O SI T I ON  
PAGE 001 OF 001

TOOLONG
* * * * A 3 * * * * * * * * *

*  *
-----> *  TAKE A DUMP. **  *

* * * * * * * * * * * * * * *

*****C3**********
«FNKNWGNL ** —. * - . * _ * _ * « - * —* _ * _ *  

- >  « INSERT NAME I N *
*  D I C T I O N A R Y .  ** * 
* * * * * * * * * * * * * * * * *

STRINGND
* * * * 0 3  * * * * * * * * *

-----> *  RETURN. *
* *  

* * * * * * * * * * * * * * *
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DICTIONARY BUILDER PAGE 17

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

6 1 3

6 1 4

6 1 5

6 1 6

6 1 7

6 1 8

6 1 9

6 2 0  

6 2 1  

6 2 2

6 2 3

6 2 4

6 2 5

* * * * * * * * * * * * * * * * * ❖ ❖ * * * * # * * * # * * * * * # * * * * * * # * * * * * # * * * * * # # # ♦ * * * # * * * # * * # # * * #  
*

*  T H I S  R O U T I N E  W I L L  S C A N  A  S E R I E S  O F  C H A R A C T E R  S T R I N G S »

*  S E P A R A T E D  B Y  C O M M A S »  F I N D  A L L  T H E  I N D I V I D U A L  F I E L D S ,  A N D

*  C H A I N  T H E M  B Y  L E N G T H ,  U S I N G  B A C K - C H A I N I N G  ( S E E  D I A G R A M )

*  I N T O  A N  A R E A  C A L L E D  1 D I C T N A R Y '  • T H E  S T A R T  O F  E A C H  C H A I N  W I L L

*  B E  P O I N T E D  T O  B Y  A N  E N T R Y  I N  A  ' T H U M B  I N D E X ' .
*
*  T H I S  R O U T I N E  S E P A R A T E S  T H E  F I E L D S  A N D  L I N K S  T O  T H E

*  D I C T I O N A R Y  B U I L D I N G  R O U T I N E .  I T  A L S O  F I N D S  T H E  E N D  O F  T H E

*  C H A R A C T E R  S T R I N G .
*
* *  * * *  * * * *  * * * * * * * * * * * * * * * *  s i t * #* ## #######* : * : #* ###* # * * * * * * * * * *  * * * * * * * * * * * * * *

0 0 0 5 8 9 0 0  

0 0 0 5 9 0 0 0  

0 0 0 5 9 1 0 0  

0 0 0 5 9 2 0 0  

0 0 0 5 9 3 0 0  

0 0 0 5 9 4 0 0  

0 0 0 5 9 5 0 0  

0 0 0 5 9 6 0 0  

0 0 0 5 9 7 0 0  

0 0 0 5 9 8 0 0  

0 0 0 5 9 9 0 0  

0 0 0 6 0 0 0 0  

0 0 0 6 0 1 0 0

0 0 0 4 7 4 9 2 0 0 C 3 C B 0 0 3 D 1 6 2 7 E N D O F I L E M V  I T R T A B L E + C ' ) ' , 0 R E S E T  R I G H T - P A R E N . 0 0 0 6 0 3 0 0

0 0 0 4 7 8 9 2 0 0 C 3 E C 0 0 3 F 2 6 2 8 M V  I T R T  A B L E  +  C '  =  ' , 0 D I S A B L E  T H E  ' = •  D E L I M I T E R . 0 0 0 6 0 4 0 0

0 0 0 4 7 C 9 4 0 0 C 3 6 D 0 0 3 7 3 6 2 9 N I T U R N , O F F - A L L R E S E T  A L L  F L A G S 0 0 0 6 0 5 0 0

0 0 0 4 8 0 4 1 6 0 C 4 A C 0 0 4 B 2 6 3 0 L A R 6 , S T R I N G S A D D R E S S  O F  T H E  S T R I N G S 0 0 0 6 0 6 0 0

0 0 0 4 8 4 1 B 2 2 6 3 1 S C A N L O O P S R R 2  ,  R  2 R E S E T  B R A N C H  I N D E X 0 0 0 6 0 7 0 0

0 0 0 4 8 6 D D C 8 6 0 0 0  C 3 6 E 0 0 0 0 0 0 0 3 7 4 6 3 2 T R T 0  (  9 , R 6 ) , T R T  A B L E F I N D  A  D E L I M I T E R 0 0 0 6 0 8 0 0

0 0 0 4 8 C 4 7 F 2 C 4 8  A 0 0 4 9 0 6 3 3 B * + 4 ( R 2 ) B R A N C H  B A S E D  O N  T H E  D E L I M I T E R 0 0 0 6 0 9 0 0

0 0 0 4 9 0 4 7 F 0 C 4 E C 0 0 4 F 2 6 3 4 B T O Ü L O N G E R R ,  N O N E  F O U N D . 0 0 0 6 1 0 0 0

0 0 0 4 9 4 9 6 4 0 C 3 6 D 0 0 3 7 3 6 3 5 0 1 T U R N , O N + L A S T O N E B L A N K ,  T H I S  I S  L A S T  V A L U E . 0 0 0 6 1 1 0 0

0 0 0 4 9 8 1 B 1 6 6 3 6 S R R  1 ,  R  6 C O M M A ,  G E T  F I E L D  L E N G T H . 0 0 0 6 1 2 0 0

0 0 0 4 9  A 4 7 8 0 C 4 9 C 0 0 4 A 2 6 3 7 B Z B U M P I T N U L L  F I E L D ,  C O N T I N U E 0 0 0 6 1 3 0 0

0 0 0 4 9  E 4 5 E  0 C 4 E E 0 0 4 F 4 6 3  8 B A L R 1 4 ,  F N K N W G N L L I N K  T Ü  D I C T I O N A R Y  B U I L D E R . 0 0 0 6 1 4 0 0

0 C 0 4 A 2 9 1 4 0 C 3 6 D 0 0 3 7 3 6 3 9 B U M P I T T M F L A G S , L A S T O N E W A S  T H I S  T H E  L A S T  ? 0 0 0 6 1 5 0 0

0 0 0 4 A 6 4 7 1 0 C 6 9 6 0  0 6  9 C 6 4 0 B O S T R I N G N D Y E S ,  Q U I T . 0 0 0 6 1 6 0 0

0 0 C 4 A A 4 1 6 1 6 0 0 1 0 0 0 0 1 6 4 1 L A R 6 , 1 ( R 1 , R 6 ) N O ,  P O I N T  T O  N E X T  F I E L D 0 0 0 6 1 7 0 0

0 0 0 4 A E 4 7  F C C 4 7 E 0 0 4 8 4 6 4 2 B S C A N L O O P C O N T I N U E  S C A N . 0 0 0 6 1 8 0 0

6 4 4 S T R I N G S D C C ' T H E S E , A R E , T H E , F I E L D S , U S E D , B Y , T H E , D I C T I O N - , A R Y , B U I L D I N G , 0 0 0 6 2 0 0 0

0 0 0 4 B 2 E 3 C 8 C 5 E 2 C 5 6 B C 1 D 9 , P R O G R A M  • C 0 0 6 2 1 0 0

0 0 0 4 F 1 0 0

0 0 0 4 F 2 0 0 1 2 6 4 5 T C O L O N G D C H '  1  8  ' 0 0 0 6 2 2 0 0

6 4 7 *  $  * *  * *  *  sjc * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 6 2 4 0 0

6 4 8 * 0 0 0 6 2 5 0 0

6 4 9 * A N S W E R  T H E S E  Q U E S T I O N S  A B O U T  T H E  S C A N N I N G  R O U T I N E . 0 0 0 6 2 6 0 0

6 5 0 * 0 0 0 6 2 7 0 0

6 5 1 * 1 . W H A T  I S  T H E  M A X I M U M  V A L I D  L E N G T H  O F  A  F I E L D  ? 0 0 0 6 2 8 0 0

6 5 2 * 0 0 0 6 2 9 0 0

6 5 3 * 2 . W H I C H  D E L I M I T E R S  A R E  " A C T I V E "  I N  T H I S  R O U T I N E  ? 0 0 0 6 3 0 0 0

6 5 4 * 0 0 0 6 3 1 0 0

6 5 5 * 3 . W H I C H  D E L I M I T E R  I N D I C A T E S  T H E  E N D  O F  T H E  E N T I R E  S T R I N G  ? 0 0 0 6 3 2 0 0

6 5 6 * 0 0 0 6 3 3 0 0

6 5 7 * 4 . W O U L D  A  N U L L  F I E L D  I N  T H E  S T R I N G  B E  V A L I D  ? 0 0 0 6 3 4 0 0

6 5 8 ❖ 0 0 0 6 3 5 0 0

6 5 9 * 5 . C O U L D  Y O U  C A L L  T H I S  A  " K E Y - W O R D  D R I V E N "  R O U T I N E  ? 0 0 0 6 3 6 0 0

6 6 0 * 0 0 0 6 3 7 0 0
5 5 i  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  0 0 0 6 3 8 0 0
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LOC

DICTIONARY BUILDER

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 6 / 7 0

6 63 * * * * * # * # # # * £ # # # # # * # # * * # # # * * # * * # # * * * # # * # # # * #  * * * * * * * * * * * * * *  * * * * * * * * * * * * * *  0 0 0 6 4 0 0 0
6 6 4  *
6 6 5  *
666  *
6 6 7  *
668 *
6 6 9  *
6 7 0  *
6 7 1  *
6 7 2  *
6 7 3  *
6 7 4  *
6 7 5  *

ANSWERS TO THE QUESTIONS ON THE SCANNING ROU TI NE .

1 .  THE MAXIMUM LENGTH OF A F I E L D  I S  8 B YTES.

2 .  THE BLANK AND THE COMMA ARE A C TI VE  D E L I M I T E R S .

3 .  THE BLANK I N D I C A T E S  THE END OF THE S T R I N G.

4 .  YES,  A NULL F I E L D  I S  V A L I D .

5 .  NO, T H I S  IS  A FORM OF " P O S I T I O N A L ”  VALUES (PARAMETERS)
6 7 6  *
6 7 7  * * * * * * * *  WHEN YOU HAVE GOTTEN HERE,  D IS PL A Y THE GREEN S I D E  OF YOUR
6 7 8  *  "ANSWER C U E " .
6 7 9  *

0 0 0 6 4 1 0 0
0 0 0 6 4 2 0 0
0 0 0 6 4 3 0 0
0 0 0 6 4 4 0 0
0 0 0 6 4 5 0 0
0 0 0 6 4 6 0 0
0 0 0 6 4 7 0 0
0 0 0 6 4 8 0 0
0 0 0 6 4 9 0 0
0 0 0 6 5 0 0 0
0 0 0 6 5 1 0 0
0 0 0 6 5 2 0 0
0 0 0 6 5 3 0 0
0 0 0 6 5 4 0 0
0 0 0 6 5 5 0 0
0 0 0 6 5 6 C 0

6 8 0 *********3 £ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  0 0 0 6  57 00
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DICTIONARY BUILDER. PAGE 19

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

6 8 2
68 3
6 8 4
685
686
6 8 7
6 8 8  
6 8 9  
69C
69 1
6 9 2
693
6 9 4
695
6 9 6
6 97
6 9 8
6 9 9
7 0 0
701
7 02 
7 0 3  
7 04 
7 0 5  
7 06 
7 07
70 8
7 0 9
7 1 0
711
71 2
7 1 3
7 1 4
715
71 6
7 1 7
7 1 8
7 1 9
7 2 0
721
7 2 2
7 2 3
7 2 4
7 2 5
7 2 6
72 7

THE D ICTIONARY THAT I S  TO BE B U I LT  LOOKS L I K E  THE FOLLOWING:

' THUMBNDX•
-I-___________ +
I DC A( E) |
+-----------------+
I 0 00000 |

I DC A( EEE)+------------ +
) ) ) ) ) ) ) ) ) )
( ( ( ( ( ( ( ( ( (
+ ---------------- +
J A ( ABODE FGH) 
+------■»-----------+

•NEXTBYTE 1 
+---------------- +
I ------> I
+-----------------+

+<-----------------------
I
I '  D IC T N A R Y '
, +--------- +—
+- >

-> +
I

— C-
I
V

---+
+ < - C -  
V I

+<-------

1 000000!  A 10000001 AAA |
+ ---------------- +  —  +  —  + ----------+ ----------- + -  + ------------------- +
+— + ! EEE | 0 0 0 0 0 0  I ABCDEFGH

I C I
—  +

I
—  +

+ < - — + | E | 0 0 0 0 G C 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 Ü Ü  |
+------------- +---------+ ( UNUSED CORE STORAGE ) I
I 0 0 0 0 0 0 0 0 0 0 OOOOOOOGOOOOOOOOOOOOOOOOOÜO | 
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  | 
I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  I 
I OOCOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOO I

*  
*  
*  
❖ 
❖ 
*  
*  
*  
*  
*  
*  
*  
*  
❖ 
*  
*  
*  
*  
*  
❖

*  
*  
❖ 
❖ 
❖ 
❖ 
❖ 
£ 
*  
❖ 
*  
*  
*  
*  
*  
*

*

*

->+

ADDRESS OF F I R S T  UNUSED BYTE IN ' D I C T N A R Y * .

WHERE EACH ENTRY I N THE D I CTI ONARY LOOKS L I K E :

+--- ------+----------
I CH A I N  - > 1  SYMBOL ( 1 
+ ----------------- +----------------------------
0 3

8 BYTES LONG ) 1 ZEROS
--------- ------------- — + — -----------

4 —11

I
-  +
6 - 1 3

THE ENTRIES ARE CHAINED BY THREE BYTE POINTER F I E L D S  WHICH 
POINT TO THE ENTRY IN THE CHAI N THAT WAS IN THE D I CT I ONARY 
BEFORE T H I S  ONE WAS ADDED. (BACK C H A I N I N G )  THE POINTER 
CONTAINS ZEROS I F  NO PREVIOUS ENTRY E X I S T S  I N  THE C H A I N .  
THE ENTRIES ARE CHAINED BY SYMBOL LENGTH,  THE F I RS T  IN 
EACH CHAIN IS ADDRESSED BY AN ENTRY I N THE APPROPRIATE 
WORD IN THE "THUMB I NDEX"  ( S I M I L A R  TO THE THUMB-NOTCHED 
I ND EXI NG USED I N  A REAL DICTIONARY TO REDUCE YOUR SEARCH 
TIME* WHEN TRYING TO LOCATE THE F I RS T  WORD STARTING WITH 
A GIVEN L E T T E R ) .❖ 

❖

0 0 0 6 5 9 0 0
0 0 0 6 6 0 0 0
0 0 0 6 6 1 0 0
0 0 0 6 6 2 0 0
0 0 0 6 6 3 0 0
0 0 0 6 6 4 0 0
0 0 0 6 6 5 0 0
0 0 0 6 6 6 0 0
0 0 0 6 6 7 0 0
0 0 0 6 6 8 0 0
0 0 0 6 6 9 0 0
0 0 0 6 7 0 0 0
0 0 0 6 7 1 0 0
0 0 0 6 7 2 0 0
0 0 0 6 7 3 0 0
0 0 0 6 7 4 0 0
0 0 0 6 7 5 0 0
0 0 0 6 7 6 0 0
0 0 0 6 7 7 0 0
0 0 0 6 7 8 0 0
0 0 0 6 7 9 0 0
0 0 0 6 8 0 0 0
0 0 0 6 8 1 0 0
0 0 0 6 8 2 0 0
0 0 0 6 8 3 0 0
0 0 0 6 8 4 0 0
0 0 0 6 8 5 0 0
0 0 0 6 8 6 0 0
0 0 0 6 8 7 0 0
0 0 0 6 8 8 0 0
0 0 0 6 8 9 0 0
0 0 0 6 9 0 0 0
0 0 0 6 9 1 0 0
C 0 0 6 9 2 0 0
0 0 0 6 9 3 0 0
0 0 0 6 9 4 0 0
0 0 0 6 9 5 0 0
0 0 0 6 9 6 0 0
0 0 0 6 9 7 0 0
0 0 0 6 9 8 0 0
0 0 0 6 9 9 0 0
0 0 0 7 0 0 0 0
0 0 0 7 0 1 0 0
0 0 0 7 0 2 0 0
0 0 0 7 0 3 0 0
0 0 0 7 0 4 0 0



NJ
(O

FNKNWGNL

$ *  *  *  A1 *  * *  *  * *  *  *  *
*  BEGIN *
*  DICTIONARY *
*  B U I L D I NG  RTN.  *

V* * * * *  B I * * * * * * * * * *  
*

HOUSEKEEPING *  
AND *

♦ I N I T I A L I Z A T I O N . *
* * 
*****************

* * * * *  c i * * * * * * * * * *  
*  *
♦ CONVERT LENGTH *
♦ TO D I S P L .  IN *
♦ THUMB INDEX.  *♦ * 
* * * * * * * * * * * * * * * * *

* * * *
*  *
*  E2 *
* * 

* * * *
A

A2 * .
* *

. ♦ I S  THERE A ’  *  • YES 
+— >♦ . CHAI N ? . ♦  —

♦ . . ♦
♦ . .♦

♦ . .♦
♦ NO

* * * * * B 2♦♦♦♦♦♦♦♦♦♦

♦ ZERO CHAIN ♦
♦ POINTER I N  DAT A*
♦ I T EM .  ♦♦ * 
*****************

SEARCH . ♦ .
A3 ♦.

.♦ ♦.
.♦  END OF ♦.  NO

--------- > * .  CHAIN ? . ♦ —
A ♦ • . ♦
I ♦ .  .♦
I * *
* * * *  ’ ♦ ’ y e s

*  *:
♦ A3 ♦
* *

* * * *

NOTYETIN V
* * * * * B 3 * * * * * * * * * *
♦ $
♦ CHAI N TO ♦

---------  ♦ PREVIOUS LAST ♦
♦ IN  C H AI N .  ♦♦ * 
*****************

<

A D DI T  V
* * * * * C 2 ♦♦♦♦♦♦♦♦♦♦ 
*  *  
♦ADD THE ITEM TO*
♦ THE D IC T I ON AR Y  ♦
♦ C H A I N .  ♦
♦ *  
*****************

[ YES
. ♦ .

A A ♦ .3jC jjc
. ♦ ’ D U P L K A T E ’ * .

--------- > * .  ENTRY ? .♦
♦ . .♦

♦ • . ♦
♦ . .♦

♦ NO

V
*♦64*♦♦♦♦♦♦

♦ *
♦ GET ADDRESS ♦

h-----♦OF NEXT IN THE ♦
♦ C H A I N .  ♦

* *
V * * * * * * * * * * *
* * * *

*  *
♦ A3 ♦
*  *

* * * *

V
**02*******

♦ UPDATE ♦ 
♦ADDRESS OF NEXT*

*  FREE BYTE.  *
* *
***********

* * * *
*  *
*  E2 * - >
*  *

* * * *  ]
RETURN

V
* * ** £ 2  * * * * * * * * *

*  RETURN TO *
*  CA LLE R.  *
* *

CHART DICTNARY 
PAGE 001 OF 001

***************
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LOC OBJECT CODE A DDR 1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 6 / 7 0

7 4 4 0 0 0 7 2 1 0 0
745 ❖ 0 0 0 7 2 2 0 0
74 6 * T HI S I S  THE ROUTINE THAT DOES THE ACTUAL DICTIONARY B U I L D I N G . 0 0 0 7 2 3 0 0
7 4 7 ❖ 0 0 0 7 2 4 0 0
7 4 8 0 0 0 7 2 5 0 0

7 5 0 ❖ 0 0 0 7 2 7 0 0
751 ❖ F I ND THE CORRECT THUMB INDEX ENTRY. 0 0 0 7 2 8 0 0
752 ❖ 0 0 0 7 2 9 0 0

0 0 0 0 0 0 7 5 3 USING DCTENTRY , R 1 1 0 0 0 7 3 0 0 0
0Q0 4F4 90 OF C5 8 A 0 0 5 9 0 7 5 4 FNKNWGNL STM R Q, R15 ,TEMPSAVE SAVE THE C A L LE R ' S  REGISTERS. 0 0 0 7 3 1 0 0
0 0 C4 F8 1831 755 LR R 3 , R 1 SAVE F I E L D  LENGTH. 0 0 0 7 3 2 0 0
0 0 0 4 FA 0 6 3 0 75 6 BCTR R 3 , 0 - 1 0 0 0 7 3 3 0 0

— 8 9 3 0 0 0 0 2 CO 002 757 SLL R 3 , 2 *  4 0 0 0 7 3 4 0 0
0 C05 00 4 1 - 3 C 566 0 0 5 6 C 7 5 8 LA R 15 , THUMBNDX( R 3 ) A DDR OF INDEX ENTRY. 0 0 0 7 3 5 0 0
0 0 0 5 0 4 8 8 3 0 0bG2 0 0 0 0 2 75 9 SRL R 3 , 2 RETURN LENGTH TQ NORMAL. 0 0 0 7  360 0
0 0 0 5 0 8 5 8BF OCCO 0 0 C 0 0 7 6 0 L R 1 1 , 0 ( R 1 5 ) ADDRESS OF C H AI N . 0 0 0 7 3 7 0 0
QC05QC 12B3 761 LTR R i l , R 1 1 = 0 ? 0 0 0 7 3 8 0 0
CC050E 4 7 7 0 C 52 E 0 0 5 3 4 762 BNZ SEARCH NO, GO TEST FOR DUPL ICATE SYMBOL. 0 0 0 7 3 9 0 0
CO :  512 58 BO C 5 C A 0C5DO 76 3 L R 1 1 ,NEXTRYTE YES,  ADD THI S ONE 0 0 0 7 4 0 0 0
0 0 0 5 1 6 D702 BuuO B Coo 0 0 0 0 0 0 0 0 0 0 7 64 XC BACKCHN, BACKCHN ZERO CHAIN POI NTE R. 0 0 0 7 4 1 0 0

7 6 5 ❖ 0 0 0 7 4 2 0 0
76 6 ❖ ADD TO THE D I C T I O N A R Y . 00 0 7 4 3 0  0
767 * 0 0 0 7 4 4 0 0

C0051C D2 02 FOCI C5CB COCCI 005D1 76 8 ADDI T MVC 1 ( 3 , R 1 5 ) , N E X T B Y T E + 1 ADD CHAIN POINTER TG THUMB I NDEX. 0 0 0 7 4 6 0 0
C 00 5 22 4 4 3 0 C 55 E 005  64 7 6 9 EX R3tENTER MOVE THE DATA TO THE D I C T I O NA R Y. 0 0 0 7 4 6 0 0
C0052Ó 41 BB 3 0 0 6 0 C 0 0 6 7 7 0 LA R 1 1 , 6 ( R 1 1 , R 3 ) ADD LENGTH OP DATA 8 ATTRI BUTES TG 0 0 0 7 4 7 0 C

ro 0 0 0 52 A 5 GBO C5CA 0 0 5 D 0 77 1 ST R l l  fNEXTBYTE ADDR. OF NEXT FREE BYTE. GOO 7 4 8 0 0
°  0 0 C5 2 F 9 8 0 F C 5 8 A 0 05 90 7 72 RETURN L M RC, R1 5 , T EMP SA V E 0 0 0 7 4 9 0 0

OOC 532 07FE 773 BR R14 0 0 0 7 5 0 0 0
7 7 4 ❖ 0 0 0 7 5 10 0
775 * SEARCH FOR A DUPL ICATE SYMBOL. 0 0 0 7 5 2 0 0
776 * 0 0 0 7 5 3 0 0

0 0 0 5 3 4 126Ö 7 77 S fcAKCH LTR R 11 , R11 END OF CHAI N ? 0 C 0 7 5 4 0 0
:  0 0 5 3 6 47  80 C 54 A 0 0 5 5 0 7 7 8 BZ NOTYETIN YES,  THI S IS  TO BE ADDED. 0 0 0 7 5 5 0 0
C 0 0 5 3 A 443  0 C 55 8 00 55E 7 7 9 EX R3,COMPARE NO, CONTINUE DUPLICATE SEARCH. 0 0 0 7 5 6 0 0
OC 05 3 5 4 7 8 0 C52 6 0 0 5 2 E 7 8 0 BE RETURN DUPL ICATE FOUND, STOP, 0 C 0 7 5 7 0 0
C 00 542 D202 C 5 87 b COO 005 8D o o o o c 781 MVC WORD+T(3  ) , BACKCHN SET UP CHAIN POINTER 0 0 0 7 5 8 0 0
C00 5 48 58B0 C 5 86 0058C 782 L R l l  , WORD FOR LOAD. 0 0 0 7 5 9 0 0
00C54C 47 FC C 52 E 0 0 5 3 4 7 8 3 Ü SEARCH 0 0 0 7 6 0 0 0

C0C550 5 8B0 C5CA 005 DO 7 85 NGTYETIN L R l l , N E X T B Y T E SET UP FOR A D DI T I O N TO C H AI N . 0 0 0 7 6 2 0 0
0 0 0 5 5 4 D202 B 0 0 C FOOI 0 0 0 0 0 0 0 0 0 1 7 8 6 MVC BACKCHN,H R 1 5 ) 0 0 0 7 6 3 0 0
C0G55A 47 F0 C 5 1 6 00 51C 7 8 7 B ADDI T 0 0 0 7 6 4 0 0

0 0 05 5E D500 8 0 03 6 0 0 0 0 0 0 0 3 0 0 0 0 0 7 8 9 COMPARE CLC DICTDAT A , 0 1 R 6 ) 0 0 0 7 6 6 0 0
0 0 0 5 6 4 D200 B003 6 0 0 0 0 0 0 0 3 0 0 0 0 0 7 9 0 ENTER MVC D I C T D A T A , 0 ( R 6 ) 0 0 0 7 6 7 0 0
0 C 0 5 6 A 0 0 00
00 0 56 C OOOOOOOOOOOOOOGO . 791 THUMBNDX DC 8A( 0 ) 0 0 0 7 6 8 0 0
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DICTIONARY BUILDER PAGE 22

LCC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8 AP R7 0  9 / 1 6 / 7 0

0 0 0 5 8C 0 0 0 0 0 0 0 0 79 3 WORD DC F • 0 ' 0 0 0 7 7 0 0 0
0 0 0 5 9 0 7 94 TEMPSAVE DS I 6 F 0 0 0 7 7 1 0 0
0 C 0 5 0 0 0 0 0 0 0 5 D4 7 9 5 NEXTBYTE DC A ( DICTNARY) 0 0 0 7 7 2 0 0
0 0 0 5 D 4 o o o o o o o o o o c o o o o o 7 9 6 DICTNARY DC 2 0 C X 1 0 * 0 0 0 7 7 3 0 0

7 9 8 C 0 0 7 7 5 0 0
7 9 9 ❖ 0 0 0 7 7 6 0 0
8 0 0 *  ANSWER THESE QUESTIONS ABOUT THE DICTIONARY AND THE ROUTINE 0 0 0 7 7 7 0 0
80 1 *  THAT B U I L T  I T . 0 0 0 7 7 8 0 0
8 0 2 ❖ 0 0 0 7 7 9 0 0
8C3 *  1 . WHAT WI LL  THE PROGRAM DO WITH A DUPL ICATE SYMBOL,  I F I T 0 0 0 7 8 0 0 0
8 04 * FI ND S ONE ? 0 0 0 7 8 1 0 0
805 * 0 0 0 7 8 2 0 0
8 06 *  2 . WHAT FACTOR DOES THE PROGRAM USE TO DETERMINE INTO WHICH 0 0 0 7 8 3 0 0
807 * CHAIN A SYMBOL I S  TO BE ENTERED ? 0 0 0 7 8 4 0 0
80 8 0 0 0 7 8 5 0 0
8 0 9 *  3 . WHICH I N S T R U C T I O N ! S )  ARE EXECUTED ONLY WHEN THERE I S NO 0 0 0 7 8 6 0 0
8 1 0 * CHAIN ? 0 0 0 7 8 7 0 0
8 1 1 * 0 0 0 7 8 8 0 0
8 1 2 *  4 . WHICH I N S T R U C T I O N ! S )  D E T E R M I N E ! S ) THE END OF A CHAIN ? 0 0 0 7 8 9 0 0
813 0 0 0 7 9 0 0 0
8 1 4 *  5 . USING THE DUMP ON THE FOLLOWING PAGE,  ANSWER THESE: 0 0 0 7 9 1 0 0
8 1 5 0 0 0 7 9 2 0 0
8 1 6 ❖ A .  WHAT I S  THE ADORESS OF THE F I RS T FREE BYTE IN THE 0 0 0 7 9 3 0 0
817 * D IC TI ONA RY  ? 0 0 0 7 9 4 0 0
8 1 8 * B .  HOW MANY CHAI NS ARE THERE I N THE DUMP ? 0 0 0 7 9 5 0 0
8 1 9 * C. WHICH SYMBOL I S  F I R S T  I N  THE 3—BYTE CHAIN ? 0 0 0 7 9 6 0 0
8 2 0 * D.  WHICH SYMBOL I S  LAST I N  THE 3 - B Y TE  CHAI N ? 0 0 0 7 9 7 0 0
821 * 0 0 0 7 9 8 0 0
822 0 0 0 7 9 9 0 0

00 069C 00 IE 8 2 4 STRINGND DC H 130 * TAKE A DUMP TO SEE THE D I C T I O N A R Y . . . 0 0 0 8 0 1 0 0
00C69E 58DD 0 0 0 4 0 0 0 0 4 8 2 5 L R 1 3 , 4 ! R 1 3 ) 0 0 0 8 0 2 0 0
0 0 0 6 A 2 9 8 EC DOOC OOOOC 8 26 LM R 1 4 , R 1 2 , 1 2 ! R13 ) 0 0 0 8 0 3 0 0
0 0 0 6 A 6 07 F E 827 BR R 14 0 0 0 8 0 4 0 0
0 0 0 6 A 8 82 8 SAVEAREA DS 18F 0 0 0 8 0 5 0 0
0 0 0 0 0 0 8 2 9 ON EQU X * 0 0 * 0 0 0 8 0 6 0 0
0 0 0 0 F F 8 3 0 ALL EQU X 1 F F' 0 0 0 8 0 7 C 0

cooooo 8 3 2 DCTENTRY DSECT 0 0 0 8 0 9 0 0
C 000 00 833 BACKCHN DS AL3 0 C 0 8 1 C 0 0
0 0 0 0 0 3 83 4 D I C T  DAT A DS C 0 0 0 8 1 1 0 0



F . P .  RFGS C C . 0 6 DCC l  COC 1C529 8 0 • C 6D 47 6  0 0 0 7 0 F A 8 4 Q . 0 6 D B A 6  00Q6D0E8 0 0 . 0 1 A D A 0  OCOCOOOO

P EGS 0 - 7  FFFF FF 2E C 00 C 0 0 0 7  0 0 0 0 0 C 0 4  0 0 0 2 A 4 1 G  0 0 0 0 0 0 0 6  0 0 0 2 A 4 2 8  0 0 0 2 A 7 4 9  0 0 0 2 A 5 4 6
REGS 8 - 1 5  0 0 0 2 A 5 4 A  0 0 0 0 0 0 0 0  0Ü01DBC8 0 0 0 0 0 0 0 0  6 F 0 2 A 2 6 6  0 0 0 2 A 9 0 8  A F 0 2 A 7 0 2  00 02A FF C

000000 o o o o c o o o 00000000 00000000 o o o o o c o o 0 0 0 2 A 2 6 0 OOCOOOOO F F 0 4 0 0 8 0 A00CA93C *  - - - .......................*
00C020 FF 0 4 0 C 0 3 5 0 0 0 4A 4 E FFC5C001 7 F 0 2A 8 F E OOOCFFOO 00000000 F F 0 5 0 2 3 0 80 0 7E 0 BA *  . . .
CO0 0 4 0 0 0 0 C 1 3 6 0 0 8 0 0 0 0 0 0 0 0 0 0 1 3 5 8 0 0 0 0 5 9 2 0 0 2 C 0 4 0 A 4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 * .  . .
0 0 0 0 6 0 OC0 4 0 0 0 0 0C007BC8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 000C0C0Ü 0 0 0 1 2 D 1 Q 0 0 0 4 0 0 0 0 0 C 0 0 7 5 1 A ❖ . . .

0 2 A 2 6 0 90ECD00C C5CC41F0 C6A250FD 0 0 0 8 5 0 D F 0 0 0 4 1 8 D F D703D0C8 DO G858F0 C 0 2 2 D 2 0 1 *  . . .
02A 28 0 F 0 0 CC02 6 47 F0C04 C 00 02  AC 16 0 7 F E 0C 22 E3C8C9E2 4 0 C9 D 5 4 0 C1D54 0E4 D5D2D5D6 * 0 . . AN UNKNG«
0 2A2 A0 E6D540D3 C5D5C7E3 C840D4C5 E2E2C1C7 C 5 4 B 4 1 3 0 C 0 2 8 4 8 4 3 0 0 0 0 4 1 5 3 0 0 0 2 4 1 6 0 «WN LENGTH MESSAGE............... .......................$
02A2C0 C 07 8 1 2 4 4 4 7 8 0 C 0 7 8 D 20 0 6C 00 5 0 0 0 4 1 5 5 0 0 0 1 4 1 6 6 Q0 0 14 6 4C C 0 6 2 4 7 F 0 C0A0E3C 8 *  . . .
C2A2E0 C9E24CC9 D540C1D5 40E4D5D2 D5D6E6D5 40D3C5D5 C7E3C84 0 C4C5E2E2 C1C7C54B « I S IN AN UNKNOWN LENGTH MESSAGE.«
0 2 A 3 0 C 4 0 4 0 4 0 4 0 4 0 4 0 4 8 4 3 0 0 0 0 0 6 4 0 4 2 4 0C 0A B D2 21 C0 78 3 0 0 2 4 8 4 3 C00G064Ü 4 4 4 0C 0 B  E *
0 2 A 3 20 4 7FCC0C4 D20CC078 3 00 24 7F C CCCAOO17 9 1 8 0C 3 6 D 4710C0DC 92 4 0C 2E A D281C2EB « . 0 . DK. • • • . . 0 . . . . . . C . . . . . .  B . K . B . «
0 2 A 3 4 0 C 2E A947F C 36 D 4 1 1 0 C 2 9 6 5 8 F 0 C6EA05EF 58FCC6EE 9 5 0 0 F 0 0 3 47 7CC46E 4 1 8 0 C 2 9 A « B .  .
0 2 A3 6 0 4 1 6  C 0 3 0 1 4 1 7 0C 2E 0 8 6 8 6 C 2 9 0 9 5 4 0 8 0 0 0 47  8 CC 102 1B22DD07 8 000C36E 4 7 F 2C 1 1 A *  , . .
0 2 A 3 8 0 47FCC29C 4 7 F 0C 12 A 4 7 F 0 C 2 9 0 4 7 F 0 C 2 9 0 1 B 1 8 4 7 8 0 C 2 9 0 0 6 10 4 4 1 0 C 1 4 A 4 1 8 1 8 0 C 0 *  . OB . . OA. . OB . . OB............B.  . . . . A . . . . . «
0 2 A 3 A 0 8680C 29 0 9 5 4 0 8 0 0 0 4 7 8 0C 13 A 4 7 F 0 C 1 5 0 D200C2EA 8 0 0 0 1 B 2 2 DDÜ68000 C 36 E 4 7 F 2 *  . . B
02A3C0 C15C47FC C 2 9 0 4 7 F 0 C 2 9 0 4 7 F 0 C 2 9 0 4 1 4 0 0 0 G 6 4 1 5 0 C 1C 2 4 1 3 0 C 1 9 8 1 B 1 8 4 7 8 0 C 2 9 0 *  A . . OB. .OB . . O B ................. AB. . A ............B . «
0 2A3 E0 412CC1C8 0 6 1 0 4 4 1 0 C 1920  782 4 1 2 2 0 0 0 4 8 7 3 4 C 1 8 0 4 7 F 0 C 2 9 0 D 5 0 0 3 0 0 0 8 0 0 0 D 5 C 1 *  . . AH . . • • A .......................A . . O B . N ............NA«
02 A4 00 D 4C 54 0 40 C1C4C4D9 4040D7C 8 D6D5C540 C4C5D7C5 D5C4C3C9 E 3 E 8 4 0 4 0 E2E3C1E3 «ME ADDR PHONE DEPENDCITY ST AT«
0 2 A 4 2 0 C540 E9 C9 D7 4 0 4 0 4 0 E2E3C1E3 E 4 E 2 4 7 F 0 C 28 E 47 F 0 C 2 8 E 4 7 F 0 C 2 8 E 4 7 F 0 C 1 E 8 4 7 F 0 «E Z I P S T A T U S . O B . . O B . . OB.  .CAY . 0 *
0 2 A 44 0 C 28 E47F u C 2 8 E 4 7 F 0 C 28 E 47 F 0 C 2 8 E 4 1 8 1 8 0 0 2 4 1 FO C 3 0 9 9 5 4 D 8 0 0 0 4 7 8 0 C 2 5 2 9 6 2 0 « B .  . OB. .OB . . O B . . . . . . 0 0 . . ............B . . . «
0 2 A 4 6 0 C 36D 1B2 2 DDOA8000 C 3 6 E 4 7 8 0 C 2 9 0 4 7 F 2 C 20 C4 7 F0 C 2 9 0 4 7 F 0 C 29 C4 7 F0 C 2 2 0 4 7 F 0 « C .  . • • • . .C . . . B . .2 B . . O B . . OB . .OB . . 0 «
0 2 A 4 8 0 C 29 09 6 40 C 3 6 D 1 P 18 0 6 1 0 4 4 1 0 C 24 C4 1 FF 0 0 0 A 4 1 8 1 8002*3 140 C 36D 47  80 C 1F C9200 « B .  .
02 A4A0 C3CB972G C 36 D 4 7 8 0 C 2Ó2949F C 36 D 4 7 F 0 C25ED2CÖ F 0 0 0 8 0 0 0 92 10C3CB 4 1 8 8 0 0 0 1 « C .  .

m 0 2 A4CQ 47 F0C 1F C 4 1 8 1 8 0 0 1 9 5 4 0 8 0 0 0 4 7 3 0 C 0 C 8 956B8CCC 4 7 7  CC 290 4 1 8 8 0 0 0 1 9 5 4 0 8 0 0 0 *  .OA
C2A4E0 4 7 7  OC150 9 5 4 0 7 0 0 1 4 7 8G C 29 0 9 6 8 0C 3 6 D 4 7  F0C0C8 000 BOO 14 47 F0 C4 6 E 0 0 0 2 A 5 0 0 *  . . A
0 2 A 5 0 0 4 OC 1C 40 4 40C4C5D7 C5D5C47E 4DC5E9C5 D2C9C1D3 ÓBC1C2C1 C7C1C9D3 6BC5E9D4 *  ADD DEPEND.  . E Z t K I A L . A B A G A I L . E Z M «
0 2 A 5 20 C5D9C5D3 C4C16 bC8 C5D7E9C5 C2C1C86B C8C5D9D4 C9D6D5C5 6BC3C8C1 E4D5C3C5 «ERELDA . H E PZ EBA H. HE RM ION t . CH AUN CE «
C 2 A 540 E 85D404G 4 0 4 C 4 0 4 0 4 0 4 0 4 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 -  V  .
0 2 A 5 6 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 404Ü40 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C ❖ *
0 2 A 5 8 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C4 C 4 0 4 0 * *
0 2 A 5 A 0 4 0 4 C 4 0 4 G 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 C 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0
02A5C0 4 0 4 u 4 0 4 0 <*0404040 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 4 0 COOOOOOO OOOOOOOC- 0 0 0 0 0 Ü 0 0 *
C2A5E0 OOOOOCOO OC 00 0 0 0 0 0 0 0 0 0 G 0 0 0 GO0 0 0 0 0 cooooooo OOOOOCOO OOOOOOOC OOOOOOCC $ # # #
0 2 A 6 0 0 0 0 0 0 0 0 0 0 OOOOCOOO OOOOOOOC 0 0 0 0 0 0 0 0 C0CG0C00 C 4 0 0 0 0 0 0 OOOOOOOC ocoooooo *  . . . ....................... *
0 2 A 6 2 0 000CÜ0ÖG OOOOOOCC OOOOOOOC OOGOOOOO oooocooo COOOOOOO OOOOOOCO 000CQ008 *  . . .
0 2 A 6 40 0 0 u 0 0 ü 0 0 0 0 0 0 0 0 0 0 OCCOOOOO 0 0 0 0 0 0 0 0 OOOOOOCO COOOOOOO OOOOOOOC cooooooo ❖ . . .
0 2 A 6 6 0 OOOOOGGC OOOOOOOC OCCOOOOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 COOOOOOO OOOOOOCO 0 0 0 0 0 0 0 0 *  .  .  .

02 A6 8 0 OOOOCOOO 0 0 0 0 0 0 0 0 OOOOOOOC OOOOOOOG ooooocoo 0 0 0 0 0 0 0 0 OOOOOOOC ocoooooo *  .  .  . ...................................$

02 A6 A0 w 0 u ü C u 0 OOOOOOCO OOOOOOOC 0 0 0 0 0 0 0 0 ooocoooo OOOOOOOC OOOOOOCO OOOOOOOC * . . .
02A6C0 000 OCGOO GO0 0 GO CO OOOOCOOO OOOOOOOC ooooocoo 92 00C 3C B 9200C3EC 9 4 0 0 C 36 D Sjc

0 2A6 E0 416CC4AC 1B22DDQ8 6 0 0 0C 36 E 4 7 F 2 C 4 8 A 47FGC4EC 9 6 4 0 C 3 6 D IB 1 6 4 7  80 C 49C 45E 0 « . .D
02 A7 0 0 C 4 E E 91 40 C 3 6 D 4 7 10 C 6 9 6 4 1 6 1 6 0 0 1 4 7 F 0 C47EE3C8 C5E2C56B C1D9C56B E3C8C56B « D .  . C. . . F ...............OD.THESE . A R E . T H E . «
0 2 A7 2 0 C6C9C5D3 C4E26BE4 E2C5C46B C 2E 86B E3 C 8C56BC4 C9C3E3C9 D6D56C6B C1D9E86B - F I E L D S • U S E D . B Y . T H E . D I C T I O N .  . A R Y . «
0 2 A 7 4 C C 2 E-M-C9D 3 C4C9D5C7 6BD7D9D6 C7D9C1D4 4 0 0 0 0 0 1 2 9 0 0 F C 5 8 A 1 8 3 1 0 6 3 0 8 9 3 0 0 0 0 2 « B U I L D I N G . PROGRAM ........... E .................................. $

0 2 A 7 60 4 1 F 3C 566 8 8 3 0 0 0 0 2 5 86FG0 00 1 2 BB 4 7 7 0 C52 E 58 B 0 C5CAD702 B000Ö00G D 20 2 F 0 0 1 -  • 3 E
0 2 A 7 8 0 C5 CB 4 43 0 C55E41BB 3 00 65  OB0 C5CA 980 F C58AC7FE 1 2 BB 4 7 8 0 C 5 4 A 4 4 3 0 0 5 5 8 4 7 8 0 -  E • .
0 2 A 7 A 0 C 5 2 8 D 2 0 2 C 5 8 7 B 0 0 0 5 8 B0 C5 86 4 7 F 0C 5 2 E 58B0C5CA D 2 0 2 B0 0 0 F 0 0 1 4 7 F 0 C 51 6 D5 00 «E . K .E . • • • m 0 m m

#2
:

U
J

00

0 2 A 7 C 0 8 0 0 3 6 0 0 0 D20GBG03 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 A 8 6 2 0 0 0 2 A 876 0 0 0 2 A 8 5 9 0 0 0 2 A 8 3 4 -  . . .
0 2 A 7PC 0 0 0 2 A 84 E 00G2A88 B 0Q02A87E 0 0 0 0 0 0 0 0 FFFFFF2E 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 4 0 0 0 2 A 4 1 0 #  . . .
0 2 A 8 0 C 0 0 0 0 0 0 0 6 CQ02A42 8 0 0 0 2 A 7 4 9 0 0 0 2  A 546 0 0 0 2 A 5 4 A COOOOOOO 0 0 0 1D B 08 OOOOOOCO •

02A82C 6 F 0 2 A 2 6 6 00 C2 A9 08 A F0 2 A7 0 2 00 0 2A FF C 0 0 0 2 A897 OOOOOOE 3 C 8C5E2C5 OOOOOOCO -  .  .  .

02A84C 00C1D9C5 0C00 02A8 3EE3C8C5 OOCOOOOO 00C6C9C5 D3C4E 20 0 0 0 0 0 0 0 0 0 E4E2C5C4 « . A R E .  . T H E ............F I E L D S
0 2 A8 6 0 OOOOOOOC 0CC2E800 0 0 0 0 0 0 0 0 C4C9C3E3 C9D6D560 0 0 0 0 0 2 A8 46C1D9E8 0 0 0 0 0  2 A 8 « . . . . . B Y . . . . . D I C T I O N . . . .
C2A88C 69 C2 E4 C9 D3C4C9D5 C 7 0 0 0 0 0 0 0 0 0 0 D 7 D 9 D6C7D9C1 D 4 0 0 0 0 0 0 OOOGOOOO OOOOOOCO « . B U I L D I N G
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02A8CC OOOOGüOO OOuOuOCO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO * .....................   *
O 2 A 8 E O O O O C G O O O OOOOOOOO OCOOOCOO OOOOOOOO OOOOOOOO OOOOOOOO OOOCOOOC 0 0 1 E 58 DD  * ........................................................................................ *
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LOC

C 006 F0
0 0 0 6 F 4

DICTIONARY BUILDER PAGE 23

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR7 0 9 / 1 6 / 7 0

8 3 6
83 7
838
8 3 9
8 4 0
841
8 4 2
8 4 3
8 4 4
84 5
8 4 6
84 7
84 8
84 9
850
851

***********************************************************************
❖

ANSWERS TO THE D IC TI ONA RY  B U I L D I N G  ROUTI NE .

1 .  I T  WI LL  IGNORE ANY D U PL I C A T E .

2 .  THE CHAINS ARE SEPARATED BY SYMBOL LENGTH.

3 .  STATEMENTS # 7 6 7  AND 7 6 8 :
L R 1 1 ,  NEXT BYT E YES,  ADD T HI S  ONE
XC BACKCHN, BACKCHN ZERO CHAIN POI NTE R.

4 .  STATEMENTS # 7 8 1  AND 7 8 2 :  
SEARCH LTR R 1 1 , R 1 1  

BZ NOTYETIN
END OF CHAI N ?
YES,  T H I S  I S  TO BE ADDED.

0 0 0 8 1 3 0 0  
0 0 0 8 1 4 0 0  
0 0 0 8 1 5 0 0  
0 0 0 8 1 6 0 0  
0 0 0 8 1 7 0 0  
0 0 0 8 1 8 0 0  
0 0 0 8 1 9 0 0  
0 0 0 8 2 0 0 0  
0 0 0 8 2 1 0 0  
0 0 0 8 2 2 0 0  
0 0 0 8 2 3 0 0  
0 0 0 8 2 4 0 0  
0 0 0 8 2 5 0 0  
0 0 0 8 2 6 0 0  
0 0 0 8 2 7 0 0  
00 08 2 800

85 2 ❖ 5 .  A) X' ■ OR • C A R D S C A N ' + X ' O Ó B T 1 UR ■D l CTNARY' + X ' 6 3 ■ . 0 C 0 8 2 9 0 0
85 3 * B) THERE ARE SEVEN C H A I N S . 0 0 0 8 3 C 0 0
8 5 4 * C) ■ ARY' I S  THE F I R S T  SYMBOL I N  THE 3 - B Y T E  C H A I N . 0 0 0 8 3 1 0 0
855 * D) ' ARE* IS THE LAST SYMBOL I N THE 3 - B Y T E  C H A I N . 0 0 C 8 3 2 0 0
856 * 0 0 0 8 3 3 J 0
85 7 * * * * * * * * WHEN YOU HAVE F I N I S H E D  THESE QUESTIONS,  D ISPLAY THE YELLOW 0 0 0 8 3 4 0 0
8 5 8 * SIDE OF YOUR "ANSWER C U E " . 0 0 0 8 3 5 0 0
8 5 9 * 0 0 0 8 3 6 0 0

00000000
ocoooooo

8 6 0  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
861 END
862 = V ( READ)
863 = V ( EOF)

0 0 0 8 3 7 0 0
0 0 0 8 3 8 0 0



RELOCATION DICTIONARY

P O S . I D R E L . I D FLAGS ADDRESS

01 01 OC 00 02 9C
01 01 oc 0 0 0 5 D 0
01 02 1C 0 0 0 0 2 8
01 03 1C 0 0 0 6 F 0
01 04 1C C 0 0 6 F 4

PAGE I

9 / 1 6 / 7 0



CROSS-REFERENCE PAGE 1

SYMBOL LEN •VALUE DEFN

A 0 0 0 3 4 0 0 0 0 3 0 0 0 0 6 0
ADDI T 0 0 0 0 6 00 0 51 C 0 0 7 6 8
AODRESS 0 0 0 0 1 0 0 0 2 9 4 0 0 5 1 8
ALL 0 0 0 0 1 OOOOFF 0 0 8 3 0
AROUND 0 0 00 1 0 0 0 0 7 E 0 0 1 0 6
B 0 0 0 0 1 0 0 0 0 5 2 0 0 0 6 1
BACKCHN 0 0 0 0 3 0 0 0 0 0 0 0 0 8 3 3
BR14 0 0 0 0 2 0 0 0 02 C 0 0 0 3 3
BUMPIT 0 0 0 0 4 0 0 0 4 A 2 0 0 6 3 9
CARDAREA 0 0 0 0 1 0 0 0 2 AO 0 0 5 3 5
CARDPTR 0 0 0 0 4 0 0 0 29 C 0 0 5 3 4
CARDSCAN 0 0 0 0 1 000000 0 0 0 0 1
CHKEYWDS 0 0 0 0 2 0 0 0 1 5 6 0 0 3 7 9
C I T Y 0 0 0 01 0 0 0 2 9 4 0 0 5 1 9
COMPARE 0 0 0 0 6 0 0 0 5 5 E 0 0 7 8 9
CONTINER 0 0 0 0 1 0 0 0 2 9 6 0 0 5 2 5
CONTINUE 0 0 0 01 0 0 0 0 8 0 0 0 5 4 2
DCTENTRY 00 001 0 0 0 0 0 0 0 0 8 3 2
DELIMERR 0 0 0 0 1 0 0 0 2 9 6 0 0 5 2 6
DEPENDNT 0 0 0 0 1 0CÖ1EE 0 0 4 3 1
DEPNDMVC 0 0 0 0 6 0 0 0 2 5 2 0 0 4 6 1
DEPNDSCN 0 0 00 1 0 0 0 2 0 2 0 0 4 3 7
DEPNDSC2 0 0 0 0 1 0 0 0 2 2 6 0 0 4 4 7
DEPNDSV 00 IOC 0 0 0 3 0 F 0 0 5 3 8

m DICTDATA 
w DICTNARY

0 0 0 0 1 0 0 0 0 0 3 0 0 8 3 4
0 0 0 01 0 0 0 5 D 4 0 0 7 9 6

ENDOFILE 0 0 0 0 4 0 C 0 4 7 4 0 0 6 2 7
ENTER 0 0 0 0 6 0 0 0 5 6 4 0 0 7 9 0
FINDKYWD 0QC02 0 0 0 1 3 0 0 0 3 6 2
FLAGS 0 0 0 0 1 0 0 0 3 7 3 0 0 5 3 9
FNKNWGNL 0 0 0 0 4 0G0 4F4 0 0 7 5 4
GETACARD 0 0 0 0 2 OCOCCE 0 0 3 2 7
GOONBY 0 0 0 0 4 OCOGCA 0 0 2 0 6
I N V A L I D K 0 0 00 1 0 0 0 2 9 6 0 0 5 3 0
KEYDCOMP 00 004 0 0 0 1 8 6 0 0 3 9 2
KEYWDCLC 0 0 0 0 6 0 0 0 1 9 8 0 0 3 9 8
KEYWDEND 0 0 0 0 1 Co 0 1 C8 0 0 4 1 0
KEYWDTR 0 u \j 0 6 C0019E 0 0 4 0 3
KWDÖRTAB 0 0 0 0 2 COcICE 0 0 4 1 6
LA STONE 0 0 0 01 0 0 0 0 4 0 0 0 5 4 3
LKWDTEST C0 00 4 0 0 0 2 6 4 0 0 4 7 0
LKWDTST1 0 0 0 0 4 0 0 0 2 6 8 0 0 4 7 1
LOOP 0 0 0 01 0 0 0 0 6 8 00 10C
LOOPSAMP 0 0 0 0 4 0 0 0 0 5 2 0 0 0 8 4
MESSAGE 0 0 0 0 1 00 007E 0 0 1 0 7
MODIFY 0 3 0 0 4 000GA6 0 0 1 2 8
MOVE 0 0 0 0 6 OOOCBO 0 0 1 3 8
MOVEDATA 0 0 0 0 6 GC0CC4 0 0 1 9 7
NAME 0 0 0 0 1 0 0 0 2 9 4 0 0 5 1 7
NAMFSAVE 0 0 0 2 5 00C2F6 0 0 5 3 7
NEXTBYTE 0 0 0 0 4 0 0 0 5 DC 0 0 7 9 5
NOKEY WD 0 0 0 0 1 0 0 0 2 9 6 0 0 5 2 9
NORESET 0 0 0 0 4 0C0CE2 0 0 3 3 2
NOTYETIN 0 0 0 0 4 0 0 0 5 5 0 0 0 7 8 5
NOVERB C00C1 0 0 0 2 9 6 0 0 5 2 7

REFERENCES

0 0 5 9
0 7 8 7
0 4 1 8
0 6 2 9
0 0 9 9
0 0 5 9
0 7 6 4
0 0 3 0
0 6 3 7

0 7 6 4 0781 0 7 8 6

0 3 4 3
0 3 3 3

0 3 4 5 0 5 3 4

0 3 7 0 0 4 7 7
0 421
0 7 7 9
0 4 7 9
0 3 2 8
0 7 5 3

0 3 3 2 0 4 8 0

0 3 5 2 0 3 5 4 03 55 0 3 8 2 0 3 8 3
0 4 2 0
0 4 5 0
0 4 5 4 0 4 65
0 4 4 4
03 3 1 0 4 3 3
0 7 8 9 0 7 9 0
0 7 95
0 3 3 8
0 7 6 9
0 3 5 3

0 5 3 2

0 3 2 8
0 6 3 8

0 4 3 6 0 4 4 6 0 4 5 3 0 4 5 6

0 2 06 0 4 7 2 04 81
01^4
0 3 9 6
0 3 9 5
0 3 9 2
0 3 8 6
0 3 8 7  
0 3 9 0
0 4 4 6  0 4 5 3  0 4 5 8  0 6 3 5  0 6 3 9
0 4 5 9
0 4 5 7
0 1 0 4  
00 31
0 0 8 7  0 1 3 8  0 1 97
0 105  
0 1 3 6  
C191 
0 4 1 7  
03 3 1
C 763 0 7 6 8  0 7 7 1  0 7 8 5
0 3 6 7  0 3 8 9
0 3 2 9
0 7 7 8
0 3 46

0 3 8 4  0 4 4 0  0 4 4 2  0 4 4 3  0 4 4 5

0 4 8 0  05 41  0 6 3 9

9 / 1 6 / 7 0

0 4 7 4
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CROSS-REFERENCE PAGE 2

SYMBOL LEN VALUE DEFN REFERENCES 9 / 1 6 /

OFF OOOOl OOCOFF 0 0 5 4 0 0 3 3 2 0 4 5 8 0 6 2 9
ON OOOOl 0 0 0 0 0 0 0 0 8 2 9 0 6 3 5
ONLYONE 0 0 0 0 1 0 0 0 0 2 0 0 0 5 4 4 0 4 3 6 0 4 5 6 0 4 5 8
PHONE 0 0 0 0 2 0 0 0 2 9 4 0 0 5 2 3 0 4 1 9
RETURN 0 0 0 0 4 0 0 0 5 2  E 0 0 7 7 2 0 7 8 0
RO OOOOl OGGGOO 0 0 0 0 3 0 7 5 4 0772
R I OOOOl 0 0 0 0 0 1 0 0 0 0 4 0 3 3 3 0 3 6 2 0 3 6 4 0 3 6 5 03 66 0 3 8 8 0 3 9 1 0 3 9 2 0 4 32 04 4  8 0 4 4 9 0 4 5 0 04 52 0 4 7 0 0 6 3 6

0 6 4 1 0 7 5 5
R1C OOOOl OCGGOA 0 0 0 1 3
R 11 OOOOl 0 0 0 0 0 B 0 0 0 1 4 0 7 5 3 0 7 6 0 0 7 6 1 0 7 6 1 0 7 6 3 0 7 7 0 0 7 7 0 0771 0 7 7 7 0 7 7 7 0 7 8 2 0 7 8  5
R 12 OOOOl OOGGOC 0 0 0 1 5 0 0 1 9 0 0 2 0 ' 0021 0 826
R13 OOOOl OOOOGD 0 0 0 1 6 0 0 1 9 0 0 2 3 0 0 2 4 0 0 2 5 0 0 2 6 0 0 2 6 0 8 2 5 0 8 2 5 0 8 2 6
R 1 4 OOOOl GO OOOE 0 0 0 1 7 0 0 1 9 0 0 3 3 0 3 3 5 0 6 3 8 0 7 7 3 0 8 2 6 0 8 2 7
R 15 OOOOl OCOOOF 0 0 0 1 8 0 0 2 2 0 0 2 3 0 0 2 4 0 0 2 5 0 0 2 9 0 0 3 0 0 3 3 4 0 3 3 5 0 3 3 6 0 3 3 7 0 4 3 3 0 4 5 1 0 4 5 1 0 4 6 1 0 7 5 4

0 7 5 8 0 7 6 0 0 7 6 8 0 7 7 2 0 7 8 6
R2 OOOOl 0G0002 0 0 0 0 5 0 3 4 9 0 3 4 9 0 3 5 1 0 3 7 9 0 3 7 9 03 81 0 3 9 0 0 3 9 3 0 3 9 4 0 3 9 4 0 4 3 8 0 4 3 8 0 4 4 1 0 6 3 1 0 6 3 1

0 6 3 3
R3 OOOOl 0 0 0 0 0 3 G 0 0 0 6 0 0 8 4 0 0 8 5 0C86 0 1 2 8 0 1 3 8 0 1 8 9 0 1 9 7 0 3 8 7 0 3 9 5 0 3 9 8 0 7 5 5 0 7 5 6 0 7 5 7 0 7 5 8 0 7 5 9

0 7 6 9 0 7 7 0 0 7 7 9
R 4 OOOOl 0 0 00  04 0 0 0 0 7 0 0 85 0 098 0 0 9 8 0 1 0 4 0 1 2 8 0 1 3 5 0 1 3 6 0 1 8 9 0 1 9 0 0 1 9 1 0 3 8 5 0 3 9 5
R 5 OOOOl 0 0 0 0 0 5 0G008 0 0 8 6 0 1 0 1 0 1 0 2 0 1 0 2 0 3 8 6
R 6 00C01 0 0 0 0 0 6 0 0 0 0 9 0 0 8 7 0 1 0 1 0 1 0 3 0 1 0 3 0 3 4 4 0 3 4 6 0 3 6 7 063 0 0 6 3 2 0 6 3 6 0 6 4 1 0 6 4 1 0 7 8 9 0 7 9 0
P 7 OOOOl 00CC07 0 0 0 1 0 0 3 4 5 0 4 7 8
R8 OOOOl 0 0 0 0 0 8 0 0 0 1 1 0 3 4 3 0 3 4 6 0 3 4 7 0 3 5 0 03 62 0 3 6 6 0 3 66 0 3 6 7 0 3 6 8 0 3 7 2 0 3 8 0 0 3 8 8 0 3 9 8 0 4 3 2 0 4 3 2

0 4 3 4 0 4 3 9 0 4 4 8 0 4 5 2 0452 04 61 0 4 6 4 0 4 6 4 0 4 7 0 0 4 7 0 0 4 7 1 0 4 7 3 0 4 7 5 0 4 7 5 0 4 7 6
R9 OOOOl COG009 0 0 0 1 2
SAVEAREA 0 0 0 0 4 00G6A8 0 0 8 2 8 0 0 2 2
SCANLOOP 0 0 0 0 2 00 G4 84 0G631 0 6 4 2
SEARCH 0 0 0 0 2 000  534 0 0 7 7 7 0 7 6 2 0 7 8 3
STATE OOOOl 0 0 0 2 9 4 0 0 5 2 0 0 4 2 2
STATUS OOOOl 0 0 0 2 9 4 0 0 5 2 2 0 4 2 4
STRINGND 000C2 00 069C 0 0 8 2 4 0 6 4 0
STRINGS 0 0 0 6 3 QGG4B2 0 0 6 4 4 0 6 3 0
SUB DE PND 0 0 0 0 4 G 0 02 5 8 0 0 4 63 0 4 3 5
TEMPSAVE 0 0 0 0 4 0 0 0 5 9 0 C0 79 4 0 7 5 4 0 7 7 2
THUMBNDX 00t) 0 4 0 0 05 6C 0 0 7 9 1 0 7 5 8
TOOLONG 0 0 0 0 2 Ü0 04 F 2 0 0 6 4 5 0 6 3 4
T R I A B L E OOOOl 0 0 0 3 7 4 0 0 5 4 5 0 3 5 0 0 3 8 0 0 4 3 9 0 4 5 5 0 4 63 0 546 0 5 48 0 5 5 0 0 5 5 2 0 6 2 7 0 6 2 8 0 6 3 2
TURN OOOOl 0 0 0 3 7 3 0 0 5 4 1 0 3 3 2 0 4 5 8 0 6 2 9 0 6 3 5
VARI AB LE 0 0 0 0 2 0 0 0 0 2  E 0 0 0 5 9 0 0 8 4
VCONPCHK 0 0 0 0 4 0 0 0 0 2 8 0 0 0 3 2 0 0 2 9
VERBERR OOOOl 0 0 0 2 9 6 0 0 5 2 8 0 3 6 3
VERBMVC 00CG6 0 0 0 1 5 0 0 0 3 7 2 0 3 6 5
VERBSAVE 0 0 0 0 6 0C02F0 0 0 5 3 6 0 3 3 0 0 3 3 1 0 3 3 1 0 3 3 1 0 3 7 2
WORD 0 0 0 0 4 0 0 05 8C 0 0 7 9 3 0 7 8 1 0 7 82
ZIPCODE OOOOl 0 0 0 2 9 4 0 0 5 2 1 0 4 2 3

NO STATEMENTS FLAGGED I N  T H I S  ASSEMBLY
^ S T A T I S T I C S *  SOURCE RECORDS ( S Y S I N )  = 838  SOURCE RECORDS ( S Y S L I B )  = 25
^OPTIONS IN  EFFECT*  L I S T ,  NODECK,  LOAD,  NORENT,  XR EF, NOTEST,  ALGN, OS,  L INECNT = 55

993 PRINTED L I N E S
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DE FAULT OPT I O N ( S ) USED
F 4 4 - LEVEL L INKAGE EDITOR OPTIONS S P E C I F I E D  MAP, L E T , L I  S T , NCAL 

VARIABLE OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 ) -  
IEWOOOO ENTRY U T I L I T Y

MODULE MAP

CONTROL SECTION ENTRY

NAME O R IG I N LENGTH NAME LOCATION

CARDSCAN 00 ' 6F8
U T I L I T Y 6F8 5 AO

PRINT 75A
READ C98 108

EOF D9C

ENTRY ADDRESS 6F8
TOTAL LENGTH DAO

* * * * G 0  DOES NOT E XI ST  BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION NAME LOCATION NAME LOCATION

PCHKRETN 9B6
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v v v v a a a a a a a a a a RRRRRRRRRRR YY YY T T TT TTT TT TT T a a a a a a a a a a 11
v v v v AAAAAAAAAAAA RRRRRRRRRRRR YY YY T T TT TTT TT TT T AAAAAAAAAAAA 111
v v v v AA AA RR RR YY YY TT AA AA 1111
v v v v AA AA RR RR YY YY TT AA AA 11
v v v v AA AA RR RR YY YY TT AA AA 11
v v v v AAAAAAAAAAAA RRRRRRRRRRRR YYYY TT AAAAAAAAAAAA 11
v v v v AAAAAAAAAAAA RRRRRRRRRRR YY TT AAAAAAAAAAAA 11

v v v v AA AA RR RR YY TT AA AA 11
v v  v v AA AA RR RR YY TT AA AA 11

v v  v v AA AA RR RR YY TT AA AA 11
W W AA AA RR RR YY TT AA AA 1 1 1 1 1 1 1 1 1 1

v v AA AA RR RR YY TT AA AA 1 1 1 1 1 1 1 1 1 1

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
99  9 9
99  99
9 9  99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99  
99

99 99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9
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SYMBOL

SYMBQLTB

TYPE I D  ADDR LENGTH LD I D  

SD 01 0 0 0 0 0 0  0 0 0 3 0 0

EXTERNAL SYMBOL D I CT I ONA RY PAGE 1 
1 4 . 2 3  9 / 1 6 / 7 0



VARIABLE LENGTH FIELD TROUBLE ANALYSIS PROBLEM I PAGE I

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70 9 / 1 6 / 7 0

0 0 0 0 0 0 2 SYMBOLTB CSECT 0 0 0 0 0 2 0 0
3 COPY MHMBEGIN 0 0 0 0 0 3 0 0

0 0 0 0 0 0 4 RO EQU 0 00C0G70C
C000 01 5 R 1 EQU 1 0 0 0 0 0 8 0 0
0 0 0 0 0 2 6 R2 EQU 2 0 0 0 0 0 9 0 0
0 0 0 0 0 3 7 R3 EQU 3 0 0 0 0 1 0 0 0
0 0 0 0 0 4 8 R4 EQU 4 0 0 0 0 1 1 0 0
0 0 0 0 0 5 9 R5 EQU 5 0 0 0 0 1 2 0 0
0 0 0 0 0 6 10 R6 EQU 6 0 0 0 0 1 3 0 0
0 0 0 0 0 7 11 R7 EQU 7 0 0 0 0 1 4 0 0
0 0 0 0 0 8 12 R8 EQU 8 0 0 0 0 1 5 0 0
0 0 0 0 0 9 13 R 9 EQU 9 0 0 0 0 1 6 0 0
0 0 0 0 0 A 14 R1C EQU 10 0 0 0 0 1 7 0 0
OCOOOB 15 R11 EQU 11 0 0 0 0 1 8 0 0
OOOOOC 16 R 12 EQU 12 0 0 0 0 1 9 CO
OOOOOD 17 R 13 EQU 13 0 0 0 0 2 0 0 0
COOOOE 18 R 14 EQU 14 0 0 0 0 2 1 0 0
OOOOOF 19 R 15 EQU 15 0 0 0 0 2 2 0 0
OOOCOO 90 EC DCOC OOOOC 20 STM R 1 4 , R 1 2 » 1 2 ( R 1 3 )  SAVE THE C AL LE R 'S  REGISTERS 0 0 0 0 2 4 0 0
0 0 0 0 0 4 05C0 21 BALR R 1 2 , 0  EST ABL ISH PROGRAM BASE 0 0 0 0 2 5 0 0
C 000 06 22 USING * »R 12 LET THE ASSEMBLER KNOW. 0 0 0 0 2 6 0 0
0 0 0 0 0 6 4 1 F 0 C2B2 0C2B8 23 LA R15 »SAVEAREA ADDRESS OF MY SAVE AREA 0 0 0 0 2 7 0 0
0 0 00  OA 5CFD 0 0 0 8 00 C0 8 24 ST R 1 5 , 8 ( R 1 3 )  BACKWARD CHAIN 0 0 0 0 2 8 0 0
0 0 0 0 0 E 5 ODF 0 0 0 4 0 0 0 0 4 25 ST R13 14 ( R 15 )  FORWARD CHAIN 0 0 0 0 2 9 0 0
0 0 0 0 1 2 1 8DF 26 LR R13 »R 1 5 E ST ABL ISH  MY SAVE AREA 0 0 0 0 3 0 0 0
0 0 0 0 1 4 D703 DQ08 D008 0 0 0 08 0 0 0 0 8 27 XC 8 ( 4 , R 1 3 ) , 8 ( R1 3 )  TERMINATE THE FORWARD CHAIN 0 0 0 0 3 1 0 0

28 * END OF STANDARD ENTRY L INKAGE CONVENTIONS. 0 0 0 0 3 2 0 C
29 # # # # # #  * #  # # # # #  # :{s ##  # j(s:jt ### 0 0 0 0 0 4 0 0
30 * 0 0 0 0 0 5 0 0
31 * THIS ROUTINE BUILDS A SYMBOL TABLE CONTAI NI NG CHAINS OF 0 0 0 0 0 6 0 0
32 * SYMBOLS ( CHA INS  BASED ON SYMBOL LENGTH,  WHICH MAY BE FROM OOOOC 7 00
33 * ONE TO EIGHT CHARACTERS.  THE CHAINS ARE POINTED TO BY 0 0 0 0 0 8 0 0
34 * AN INDEX TABLE ( CALLED A «THUMB I N D E X ' ) ,  WHICH CONTAINS 0 0 0 0 0 9 0 0
35 * ADDRESSES P O IN T I NG  TO THE BEGINNI NG OF T HE I R  RESPECTIVE 0 0 0 0 1 0 0 0
36 * C H AI N S .  THE PROGRAM WILL  CHECK FOR D U PL I CA TE S,  AND I F 0 0 0 0 1 1 0 0
37 * ONE IS FOUND, I T  RETURNS A CODE OF 4 ,  I F  NOT,  THE NEW 0 0 0 0 1 2 0 0
38 * SYMBOL I S  ADDED TO THE END OF THE C H A I N ,  AND A CODE OF 0 0 0 0 1 3 0 0
39 ❖ 0 IS RETURNED. 0 0 0 0 1 4 0 0
40 ❖ 0 0 0 0 1 5 0 0
41 * THE PROGRAM SEEMS TO BE CUT OF ADJUSTMENT TODAY,  AS I T 0 0 0 0 1 6 0 0
42 ❖ IS NOT WORKING TOO WELL.  F I N D  THE ERROR AND THE CODE 0 0 0 0 1 7 0 0
43 THAT CAUSED I T . 0 0 0 C 1 8 0 0
44 * 0 0 0 0 1 9 0 0
45 * * * * * * * * ; s i s* ; ############# s i s # # # # # # # # # # # # # # # # # # # # # # # 00002000



VARIABLE LENGTH FIELD TROUBLE ANALYSIS PROBLEM 1 PAGE 2

LOC OBJECT CODE 

0 0 00 1  A 4 7 F 0  COAE

ADDR1 ADDR2 STMT SOURCE STATEMENT F 08APR70 9 / 1 6 / 7 0

00 0 B4 47
48
49
50
51
52
53
54
55
56
57
58 *.
59 *
6 0  
61 
62
63
64
65
66
67
68 *
6 9  *
70
71
72
73
7 4
75
76
77
78
79
80 
81 
82
83
84
85
86
87
88
89
90
91

B TESTCASE BRANCH TO THE TESTING CODE.

£
ON ENTRY,  REGISTER 1 POINTS TO THE LENGTH OF THE SYMBOL 
TO BE INSERTED ( HA L F - W OR D ) ,  WHICH I S  FOLLOWED BY THE 
SYMBOL I T S E L F .

+------ +
1 +------ ♦-
+-----------------+
REGISTER 1

♦----+---------------------- +
-------------> | L  ENGTHj SYMBOL ( 1 - 8  BYTES) I

+-----+--------------------- +
0 2  3 - 1 0

THE SYMBOL W I L L  BE ENTERED INTO A TABLE THAT LOOKS L I K E :

I N  THE T AB L E,  * 

* INDEX*

-> X * MEANS "ADDRESS OF X » «

• DI CT NAR Y*

-------- > A |
+----
IA | - >  B |AA |1 - >  BB | AAA || - >  BBB

------ > AA | IB | 0 0 0 C Ü 0 | 8 B  |I - >  DD I 3 B B  | - >  EEE

— > AAA | | DD 1 0 0 0 0 0 0 1 EEE I 0 0 C 0 0 0 I  X

j OCGOOOC I
4.--   +
) ) ) ) ) ) ) ) ) ) )
( ( ( ( ( ( ( ( ( ( (

4. ---------------------------------4 .

| 0 0 0 0 0 0 0  | 

' NXAVAIL * —  > X

(UNUSED SPACE)

1
1
1
1
1
1

• MEANS "ADDRESS OF X " .
1
1
| ( ADDRESS

- >  + FREE BYTE IN 
* DICTNARY*  . )

ONCE IN THE D I C T I O N A R Y ,  THE ENTRY LOOKS L I K E :

+•-------------------------------
| SYMBOL ( 1 - 8 )
+------------
0

I ATTRI BUTES ( 1 1 )  I C HA I N
— +------------------------------------------------+------------

1 - 8  1 2 - 1 9

+
I

--- 4-
1 5 - 2 2

* * * * *  *jfe *  $  *;je *  *  £  #  sjc# # # # # ;{ « * # #  jJsjJc# # * #  :jc * # * # * # * # # *  * #  * * # # * # *

00002200 
0 0 0 0 2 3 0 0  
0 0 0 0 2 4 0 0  
0 0 0 0 2 5 0 0  
0 0 0 0 2 6 0 0  
0 0 0 0 2 7 0 0  
0 0 0 0 2 8 0 0  
0 0 0 0 2 9 0 0  
0 0 0 0 3 0 0 0  
0 0 0 0 3 1 0 0  
0 0 0 0 3 2 0 0  
0 0 0 0 3 3 0 0  
0 0 0 0 3 4 0 0  
G 0 0 0 3 5 0 0  
0 0 0 0 3 6 0 0  
0 0 0 0 3 7 0 0  
0 0 0 0 3 8 0 0  
0 0 0 0 3 9 0 0  
0 0 0 0 4 0 0 0  
0 0 0 0 4 1 0 0  
0 0 0 0 4 2 0 0  
0 0 0 0 4 3 0 0  
0 0 0 0 4 4 0 0  
0 0 0 0 4 5 0 0  
0 0 0 0 4 6 0 0  
0 0 0 0 4 7 0 0  
0 0 0 0 4 8 0 0  
O C 00 4 90 0  
0 0 0 0 5 0 0 0  
0 0 0 0 5 1 0 0  
0 0 0 0 5 2 0 0  
0 0 0 0 5 3 0 0  
0 0 0 0 5 4 0 0  
0 0 0 0 5 5 0 0  
0 0 0 0 5 6 0 0  
0 0 0 0 5 7 0 0  
0 0 0 0 5 8 0 0  
0 0 0 0 5 9 0 0  
0 0 0 0 6 0 0 0  
0 0 0 0 6 1 0 0  
0 0 0 0 6 2 0 0  
0 0 0 0 6 3 0 0  
0 0 0 0 6 4 0 0  
0 0 0 0 6 5 0 0  
0 0 0 0 6 6 0 0



VARIABLE LENGTH FIELD TROUBLE ANALYSIS PROBLEM 1

LOC OBJECT CODE ADDR1 ADDR2

0 0 0 0 1 E 9 OOF DCOC OOOOC
0 0 0 0 2 2 1211
CC0024 4 7 8 0 C 0 9 4 0 0 0 9 A
0 0 0 0 2 8 48F1 0 0 0 0 0 0 0 0 0
00 002C 12FF
0 0 0 0 2 E 4 7 8 0 C 0 9 4 0 0 0 9A
0 0 0 0 3 2 06F 0
0 0 0 0 3 4 1 8BF
OC 003 6 89FC 0 0 0 2 0 0 0 0 2
0 0 0 0 3  A 58EF C 162 0 0 1 6 8
0 0 0 0 3 E 12FE
0 0 0 0 4 0 4 7 7 0 C046 0004C
0 0 0 0 4 4 41 AF C162 0 0 1 6 8
0CC048 47FC C 06 8 00 06E
0 0 0 0 4 C 44 B0 C0A2 0 0 0 A 8
0 0 0 0 5 0 4 7 8 0 C094 0 0 0 9 A
0 0 0 0 5 4 4 1 AB ECOB OOOOB
0 0 0 0 5 8 02 0 2 CO AB AGOO OOOB 1 OOCOO
00 005E 58 90 CO A A 0 0 0 8 0
0 0 0 0 6 2 1 2 9 9
0 0 0 0 6 4 4 7 8 0 C 06 8 00 06 E
0 0 0 0 6 8 18E9
0 0 0 0 6  A 47 FO C 046 0004C
0 0 0 0 6  E 02 02 AOOO C l  83 u 0 C 0 0 0 0 1 8 9

0 0 0 0 7 4 5 * 2 0 C 18 2 0 0 1 8 8
0 0 0 0 7 8 413B 200E OOOOE
G0007C 5 0 30 C 182 0 0 1 8 8
0 0 C 0 30 44  BO C 09 C 0 0 0 A 2
0 0 0 0 8 4 41 BB OOOB OOOOB
0 0 0 0 3 8 4 1 2 2 B001 0G001
00DC8C 07 02 2 0 0 0 2 0 0 0 OOCOO 0 0 0 0 0
0 0 0 0 9 2 1BFF
0 00.094 98 OE DOC C OOOOC
0 0 0 0 9 8 07 FE
G00Q9A
0 0 OOPA 4 1 * 0 0 0 0 4 0 0 0 0 4
COO0 9 E 4 7 * 0 CG8E 0 0 0 9 4

0 0 0 0 A 2 D20C 2 0 00 1CC2 0 0 0 0 0  0 0 0 0 2
0 COCA 8 D500 EOOC 1002  OOCOO 00 C0 2
OOOOAE 0 000
OOOOB C OCOOOOCO

SOURCE STATEMENT

ENTER STM RO , R 1 5 , 1 2 ( R13)
LTR R 1 ,R 1
BZ NGENTRY
LH R 1 5 , 0 ( R 1 )
LTR R 15 , R 15
BZ NOENTRY
BCTR R 1 5 , 0
LR R 11 , R15
SLL R1 5 , 2
L R 1 4 , I N D E X ! R 1 5)
LTR R14 , R 14
BNZ LOOP
LA R I O , I N D t X ( R 1 5 )
B ENTERC

LOOP EX R l l t C O M P A R E
BE DUPE
LA R 1 G , 1 1 ( R 1 1 , R 1 4 )
MVC WORD+1( 3 ) , C (R I O
L R9,WORD
LTR R 9 , R 9
BZ ENTERC
LR R 1 4 , R9
B LOOP

ENTERC MVC 0 ( 3 , R I O ) , N X A V A I
❖

L R 2 , N X A V A I L
LA R 3 , 1 4 ( R 1 1 , R 2 )
ST R 3 , N X A V A I L
EX R l l , M O V E
LA R l l , 1 1 ( R l l  )
LA R 2 , 1 ( R 2 , R 1 1 )
XC 0 ( 3 , R 2 ) , 0 ( R2 )
SR R 1 5 ,  R1 5

E X I T LM R 0 , R 1 4 , 1 2 ( R13)
BR R14

NÜENTRY EQU *
DUPE LA R 1 5 , 4

B E XI T

MOVE MVC 0 ( 0 , R2 ) , 2 ( R1 )
COMPARE CLC 0 ( 0 , R14 ) , 2 ( R 1

WORD DC F ' 0 '

STMT

9 3
9 4
95
96
97
98
99

100
101
102
103
1 0 4
105
1 0 6
107
108
10 9
n o
i n
112
113
1 1 4
115
11 6
1 1 7
118
11 9
120
121
122
123
1 24
12 5
126
127
128
129
130

132
133

13 4

PAGE 3

F0 8A PR 70  9 / 1 6 / 7 0

SAVE M A I N L I N E  R O UT IN E ' S  REGI STE RS.
I F  NO SYMBOL G IV E N,

RETURN.
GET LENGTH OF SYMBOL.
I F  ZERO LENGTH,

RETURN.
ELSE SUBTRACT ONE.
COPY LENGTH FOR EXECUTE.
* 4  FOR DISPLACEMENT IN THUMB IN DE X.  

GET ADDR. OF C H A I N .
I F  THE CHAIN E X I S T S ,

GO SEARCH FOR D U PL I CA TE .
OTHERWISE,  POINT TO ENTRY IN I N DE X.  
AND GO ENTER THE DATA 

TEST FOR DUPLICATE 
FOUND, E X I T

ADDRESS OF CHAI NI NG POINTER I N  CHAIN 
ALIGN CHAIN POINTER ON A WORD BDY• 

GET C H AI N IN G ADDRESS 
I F  END OF C HAI N,

ADD THIS  ONE TO THE C H A I N .
OTHERWISE REPEAT THE SEARCH.

SET CHAIN POINTER TO NEXT A VA I LA BL E  
BYTE IN D IC T I O N A R Y .

UPDATE NEXT FREE BYTE ADDRESS.
ADD THE ENTRY TO THE SYMBOL T AB LE .  
ADD LENGTH OF COMMON.

ZERO NEW CHAIN POINTER.
RETURN CODE TO SHOW SUCCESSFUL OP.  
RESTORE REGISTERS.
RETURN TO M A I N L I N E .
SET UP ERROR CODE.
SET UP ERROR CODE.
RESTORE REGISTERS AND RETURN.

00 0 06 8 CC  
0 0 0 0 6 9 0 0  
0 0 007C 0G 
0 0 0 0 7 1 0 0  
0 0 0 0 7 2 0 0  
0 0 0 0 7 3 0 0  
0 0 0 0 7 4 0 0  
0 0 0 0 7 5 0 0  
0G0C76C0 
0 0 0 0 7 7 0 0  
0 0 0 0 7 8 0 0  
0 0 0 0 7 9 0 0  
00Ü08CQÖ 
0 0 0 0 8 1 0 0  
OC 0 0 8 2 0 0  
0 0 0 0 8 3 0 0  
00 0 C8 4C 0 
0 0 0 0 8 5 0 0  
0 0 0 0 8 6 0 0  
0 0 0 0 8 7 0 C 
0 0 0 0 3 8 0 0  
00GC890C 
0 0 0 0 9 0 0 0  
0 0 0 0 9 1 0 0  
0 0 0 0 9 2 0 0  
0 0 0 0 9 3 0 0  
0 0 0 0 9 4 0 0  
0 0 0 0 9 5 0 0  
0 0 0 0 9 6 0 0  
0 0 0 0 9 7 0 0  
0 0 0 0 9 8 0 0  
0 0 0 0 9 9 0 0  
0 C 01 0 00 C  
0 0 0 1 0 1 0 0  
0 0 0 1 0 2 0 0  
0 0 0 1 0 3 0 0  
0 0 0 1 0 4 0 0  
0 0 0 1 0 5 0 0

EXECUTED MVC. 0 0 0 1 0 7 0 0
EXECUTED CLC. 0 0 0 1 0 8 0 0

BOUNDARY ALIGNMENT BUFFER. 0 0 0 1 0 9 0 0



T EST CAS F
* # * *  * * * * * * *  * *  

«BEGIN MAINL IME *  
*  ROUTINE.  *
4e «

***************

* * * * * 4 2  * * * * * * * * *  
*
4e

>« HOUSEKEEPING.
4e
*
* * * * * * * * * * * * * * * *

PASSLOOP V
* * * * * 02* * * * * * * * *  

* * * *  «ENTER
*  *  * _ * _ * _ * _ * _ * _ * _ * _

« B2 « ------- >«ENTER SYMBOL IN
« « « TABLE.* * * *  *

*****************

V

*  « N O  
-  E2 ^ < - ~

* * * *

C2
. « *  e n t e r e d " * « .
.SUCC t  3CFULLY . '
« . ? . «

« .  .«
* # *

« YES

V
. « .

D 2 « .
* * * * . « « .

.*  * NO .«  MORE «.
*  B2 « < - —  « .  SYMBOLS TO . «*  * « .  ENTER ? .«

* * * *  *  . . *
« .  .«

« Y E S* * * *
* *
« E2 « ->  i *  *

* * * *

V* * * * p ? * * * * * * * * *
«TfrK t A STORAGE « 
« DUMP. *

■
&

**
**

■
* 

* 
* 

* 
#

 *
 #

 *

CHART VARYBUG 
PAGE OOI OF OOI

ENTER
* * * * A 3 * * * * * * * * *

« BEGIN «
« DICTIONARY « 
«BUILDING ROUT IN «  * * * * * * * * * * * * * * *

* * * * * B 3 * * * * * * * * * *
3{C $
« HOUSEKEEPING « 
« AND «
« IN IT  I AL I Z AT I ON. « *  *
* * * * * * * * * * * * * * * * *

*****(_'•< ;?* ; ? * * * * * * *  
*  *
« DETERMINE «

i_ENGT H UF
*  c Y MR '“‘L • «
* * 
*****************

V
. «.

D3 « .

.« *  LENGTH * « .  NO 
«.EQUAL ZERO ? . « —  + 

« .  . «
« .  . «

« .  . «
« Y E S

NOENT RY
* * * * 0 3 * * * * * * * * *

*RFTURN» CODE = «* 4 .  *

*****4 44e** *******
*  4e
« GET ADDRESS «

----- >« FROM THUMB «
« INDEX. «*  *  
* * * * * * * * * * * * * * * * *

V
.«  .

B4 « .*  *
. « I S  THERE A * « . NO 
. CHAIN ? .«  —
« . .«

« .  .«
« . .«

« YES

ENTERC* * * * * 4 5 * * * * * * * * * *
ajc $
« UPDATE THE « 

+ -^ > «  THUMB INDEX « 
«CHAIN POINTER. «5jC
*****************

V
L O' ^ * « .

C -  « ,

. « *  I S  THIS A * « . YES 
+— > « .  U U r L l C A l E  ? . *  — -}

« .  . «  I
« . .«

« .  . «
« NO

V* * * *
*  *
*  0 4  «
*  *  

* * * *
V

. « .
D4 « .

NO . « I S  T H I S  THE«.  YES
+—  « .  END OF THE . « ---------

« .  CHAIN ? . «
« .  .«

« .  .«
*

* * * *
*  *
*  E4 « — +
* *

* * * *
DUPE

V
* * * * E  4* * * *  * * * *  *

«RETURN , CODE = «*  4 .  ** *
*  *  *  *  * * * * * * * * * *  *

* * 0 5 * * * * * * *
« BUMP «

« POINTER TO « 
«NEXT AVAILABLE « 

« BYTE. «
*  * 

***********

* * * * *  E 5 *  *  *  * *  * * * * *

« ADD SYMBOL TO 
« DICTIONARY.

^ * * * * * * * * * * * * * * 4

EXI T
* * * * 9 5  * * * * * * * * *

«RETURN, CODE =
« 0 .
*

***************

# 
* *

 #
 *

 #
 *



VARI AB LE  LENGTH F I E L D  TROUBLE ANALYSIS  PROBLEM 1.  PAGE 5

LOC OBJECT CODE ADDRl  ADDR2 STMT SOURCE STATEMENT F 0 8 A PR 7 0 9 / 1 6 / 7 0

15 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 3 4 0 0
160 * 0 Ü 0 1 3 5 0 0
161 * T HI S ROUTINE PASSES SYMBOLS TO THE DICTIONARY B U I L D I N G 0 0 0 1 3 6 0 0
162 ROUTINE. 0 0 0 1 3 7 0 0
163 ❖ 0 0 0 1 3 8 0 0
16 4 # # # # *  # # # £ # *  ❖ *  £ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 3 9 0 0

0 0 0 0B 4 1 65 TESTCASE DS OH 0 0 0 1 4 0 0 0
GC00B4 9 8 3 5 COD 2 00CD8 166 LM R 3, R5 , CO NS T AN T LOOP CONTROLLING PARAMETERS. 0 0 0 1 4 1 0 0
G0G0B8 1813 167 PASSLOOP LR R1»R3 ADDRESS OF THE SYMBOL TO BE ADDED. 0 0 0 1 4 2 0 0
00 00BA 45E 0 CO 18 0 0 0  IE 1 68 BAL R 1 4 t  ENTER ENTER I T . 0 0 0 1 4 3 0 0
OQOOBE 47FF CGBC 00 0C2 169 B *  + 4 < R 1 5 ) TEST THE RETURN CODE. 0 0 0 1 4 4 0 0
00 0 0C 2 47 FO C0C2 0 0 0 C 8 17 0 B ADDEDOK = 0 ,  C ONTI NUE. 0 0 0 1 4 5 0 0
0C00C6 00 0 4 171 DC H1 4 1 = 4# TERMINATE. 0 0 0 1 4 6 0 0
0G00C 8 8 7 3 4 C0B2 0 0 0 B 8 172 ADDEOOK BXLE R 3 , R 4 , P A SS L GG P CONTINUE WITH A D D I T I O N S . 0 0 0 1 4 7 0 0
OOOOCC 0 0 1 4 173 DC H ' 2 0 1 DUMP TO SEE TABLE * * * * * * * * * * 0 0 0 1 4 8 0 0
OOOOCE 5 8DD C004 0 0 0 0 4 1 7 4 L R 1 3 » 4 ( R 1 3 ) 0 0 0 1 4 9 0 0
000GD2 98 EC DOOC OOOOC 175 LM R 1 4 , R 1 2 f 1 2 ( R 1 3 ) RESTORE CALLER*  S R EGI S TE RS . 0 0 0 1 5 0 0 0
C00CD6 07FE 176 BR R 14 RETURN TO CALLER. 0 0 0 1 5 1 0 0

178 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 5 3 0 0
179 * 0 0 0 1 5 4 0 0
180 * SYMBOLS TO BE ADDED TO THE SYMBOL T A B LE . 0 0 0 1 5 5 0 0
181 * 0 0 0 1 5 6 0 0
182 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 1 5 7 0 0

0 GOOD 8 0 0 0 0 G0 E 40 0G 0 00 0 A 183 CONSTANT DC A I S Y M L 1 S T , 1 0 , S YMLSTND-1) 0 0 0 1 5 8 0 0
0 0 0 0 E 4 0 0 0 1 C 1 4 0 4 0 4 0 4 0 4 0 18 4 SYMLIST DC H » 1■*  C L 8 ' A ' 0 0 0 1 5 9 0 0
GOOOEF 0 0 0 2 C1C1 4 0 4 0 4 0 4 0 185 DC H * 2 • t CL 8 ' A A • 0 0 0 1 6 0 0 0
0C00<=8 0 0 0 3 C 1 C 1 C 1 4 0 4 0 4 0 18 6 DC H« 3» ? C L 8 * A A A ' 0 0 0 1 6 1 0 0
000102 0 0 0 1 C 2 4 0 4 0 4 0 4 0 4 0 187 DC H* 1* , C L 8 ' B ' 0 0 0 1 6 2 0 0
0 0 0 1 oc 0 0 0 2C2C24 0 4 0 4 0 4 0 188 DC H'  2 1 t CL 8 1BB * 0 0 0 1 6 3 0 0
0 0 0 1 1 6 00C3 C2C2 C2 4 0 4 0 4 0 1 8 9 DC H * 3 '  t C L 8 * BBB * 0 0 0 1 6 4 0 C
000120 00 02C3C34C 4 0 4 0 4 0 190 DC H • 2 1 t C L 8 1CC • 0 0 0 1 6 5 0 0
0 0 0 1 2 A OC 03 C4 C4 C4 40 4 04 C 191 DC H ' 3 1 t C L 8 ' DDD' 0 0 0 1 6 6 0 0
0 0 0 1 3 4 0 0 0 3 D 4 D 4 D 4 4 0 4 0 4 0 192 DC H * 3 '  » C L 8 ' MMM* 0 0 0 1 6 7 0 0
0G013E 00 06 E2 C9 E7 D6 C6 F1 193 DC H* 6 '  »C L 8 1 S I X O F l * 0 0 0 1 6 8 0 C
0 0 0 1 4 8 0 008C1D3 D3C5C9C7 194 DC H'  8 ' t C L 8 1 A L L E I G H T ■ 0 0 0 1 6 9 0 0
0 0 0 1 5 2 0 0 00 E 3 C5 E 2 E 34 0 D 3 195 DC H * 0 ' t C L 8 * TE ST  L = 0 ' 0 0 0 1 7 0 0 0
0 0 01 5 C 0006D 5C 1D4 C57B F6 196 DC H* 6 « » C L 8 ' NAME#6 * 0 0 0 1 7 1 0 0
0 0 0 1 6 6 197 SYMLSTND EOU ❖ 0 0 0 1 7 2 0 0

0 0 0 1 6 6
0 0 0 1 6 8

0000
0 0 0 0 0 0 ÜGOCC00 000 1 99 I NDE X DC 8 F * 0 ' THUMB INDEX 0 0 0 1 7 4 0 0

0 C 01 3 8 0 0 0 00 1 8 C 2 00 N XAVAI L DC A ( D I C T N A R Y ) NEXT A V A I L AB L E DICTIONARY ADDRESS. 0 0 0 1 7 5 0 0
0 0 01 8C ooocooooocoooooo 201 D1CTNARY OC 3 0 0 X 10 1 DI CT I ONA RY 0 0 0 1 7 6 0 0
0C02B8 202 SAVEAREA DS 18 F SAVE AREA FOR DICTIONARY B U I L D I N G 0 0 0 1 7 7 0 0

20 3
20 4

❖
END

ROUTINE. 0 0 0 1 7 8 0 C 
0 0 0 1 7 9 0 0



RELOCATION DICTIONARY PAGE 1

PO S. I D R F L . I D FLAGS A D D R E S S 9 / 1 6 / 7 0

01 01 oc 0 0 0 0 D 8
01 Cl oc 0 0 0 0 E 0
01 01 oc 0 0 0 1 8 8



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE OEFN REFERENCES

ADDEDOK C 0 0 0 4 00 0GC8 0 0 1 7 2 0 1 7 0  '
COMPARE 0 0 0 0 6 0G0CA8 0 0 1 3 3 0 1 0 7
CONSTANT Ü0004 0C00D8 0 0 1 8 3 0 1 6 6
DICTNARY 00001 00 018C 00201 0200
DUPE CO 004 0 0 0 0 9 A 0 0 1 2 9 0 1 0 8
ENTER 0 0 0 0 4 0 0 0 0 1 E 0 0 0 9 3 0 1 6 8
ENTERC 0 0 0 0 6 C0006E 0 0 1 1 6 0 1 0 6 0 1 13
E X I T 0 0 0 0 4 0 0 0 0 9 4 0 0 1 2 6 0 1 3 0
I NDEX 0 0 0 0 4 0 0 0 1 6 8 0 0 1 9 9 0102 0 1 0 5
LOOP 0 0 C 0 4 00CC4C 0 0 1 0 7 0 1 0 4 13115
MOVE 0 0 0 0 6 0 0 0 0A 2 0 0 1 3 2 0 12 1
NOENTRY 00001 0 0 0 0 9 A 0 0 1 2 8 0 0 9 5 0 0 9 8
NXAVAIL 0OCC4 0 0 0 1 8 8 00 200 0 1 1 6 0 1 1 8 0120
PASSLOOP 00002 CC00B8 0 0 1 6 7 0 1 7 2
R0 00001 ooocoo 0 0 0 0 4 00 9 3 0 1 2 6
R1 00001 000001 0 0 0 0 5 0 0 9 4 0 0 9 4 0 0 9 6 0 1 3 2 0 1 33 0 1 6 7
R1C 0.00C1 OOOOOA C 0 0 1 4 0 1 0 5 0 1 0 9 0 1 1 0 0 1 1 6
R 11 00001 OCOCOB 0 0 G15 0100 0 1 0 7 0 1 0 9 0 1 1 9 0 1 2 1 0122 0122 0 1 2 3
R12 0 0001 oocooc 0 0 0 1 6 0020 0021 0022 0 1 7 5
R13 00001 0 0 0 00 D 0 0 0 1 7 0020 0 0 2 4 0 0 2 5 0 0 2 6 0 0 2 7 0 0 2 7 0 093 0 1 2 6 0 1 7 4 0 1 7 4 0 1 7 5
R 14 00001 COO OOE C0018 0020 0102 0 1 0 3 0 1 0 3 0 1 0 9 0 1 1 4 0 1 2 6 0 1 2 7 0 1 3 3 0 1 6 8 0 1 7 5
R 15 03 00 1 0000ÖF 0 0 0 1 9 0 0 2 3 0 0 2 4 0 0 2 5 0 0 2 6 00 93 0 0 9 6 0 0 97 00 97 0 0 9 9 0100 0 10 1

0 1 2 9 0 1 6 9
R2 000,01 000002 • 0 0 0 0 6 0 1 1 8 C l  19 0 1 2 3 0 1 2 3 0 1 2 4 0 1 2 4 0 1 32

9*0001 0 0 0 0 0 3 0 0 0 0 7 0 1 1 9 0 1 2 0 0 166 0 1 6 7 0 1 7 2
^  R 4 COCCI 0 0 0 0 0 4 00 008 0 1 7 2

R 5 00001 0 0 G C 0 5 0 0 0 0 9 0 1 6 6
R 6 • 00 001 0 0 0 0 0 6 00010
R7 0 0C01 0 0 0 0 0 7 0 00 11
R8 C.0001 0 0 0 0 0 8 00012
R9 00001 0 0 0 0 0 9 0 0 0 1 3 0 1 1 1 0 1 1 2 0 1 1 2 0 1 1 4
SAVEAREA 0 0 0 0 4 00C2B8 00202 0 0 2 3
SYMB0LT8 00001 000000 00002
SYMLIST 00002 0C0CE4 0 0 1 8 4 0 1 8 3
SYMLSTND 00001 0 0 0 1 6 6 0 0 1 9 7 0 1 8 3
TESTCASE 00002 0 0 0 0 B 4 0 0 1 6 5 0 0 4 7
WORD 0 0 0 0 4 ÖCGCBC 0 0 1 3 4 0 1 1 0 0 1 1 1

0 1 7 6
Q1C2 0 1 0 5

9 / 1 6 / 7 0

0 1 2 5  0 1 2 5

NO STATEMENTS FLAGGED IN T H I S  ASSEMBLY 
« S T A T I S T I C S *  SOURCE RECORDS ( SYS I N 5 =
«OPTIONS IN EFFECT*  L I S T ,  NODECK,  LOAD,  

263  PRINTED L I N F S

179 SOURCE RECORDS ( S Y S L I B )  = 25
NORENT, XREF,  NOTEST,  ALGN, OS, L INECNT = 55
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F 4 4 - L E V  EL L INKAGE EDITOR OPTIONS S P E C I F I E D  MAP, L E T , L I  S T , NCAL 
VARIABLE OPTIONS USED -  S I Z E = ( 4 5 0 5 6 , 6 1 4 4 ) -  

IEWOOOO ENTRY U T I L I T Y
DEFAULT OPT I O N ( S ) USED

MODULE MAP

CONTROL SECTION ENTRY

NAME O R I G I N LENGTH NAME

SYMBOLTB 00 3 0 0
U T I L I T Y  300 5A0

PRINT

ENTRY ADDRESS 300
TOTAL LENGTH 8A0

:* * * G 0  DOES NOT E X I S T  BUT HAS BEEN ADDED

LOCATION NAME LOCATION NAME LOCATION

362  PC HKRETN 5BE

TO DATA SET

NAME LOCATION



F . P REGS • 0 0 . 01 D5 B8  0 0 0 1 D A 9 0  4 0 . 0 5 8 1 3 2  0 0 0 C 0 0 5 0 F D . 0 0 0 0 0 0  0 0 0 0 0 0 0 0 E 2 . E 8 E 2 E 5  E3D6C340

REGS 0 - 7  FFFFFF2E 0 0 G 4 E 0 6 2  0001DAAC 0 0 0 4 E 0 6 2  OOOOOOOA 0 0 0 4 E 0 C 5  0 0 0 1 D 6 0 0  0 0 0 1 A A 4 8
REGS 8 - 1 5  00G1DA9Ü OOOGOOOO O001DAB8 0 0 0 0 0 0 0 0  6 F 0 4 D F 6 6  0 0 0 4 E 2 1 8  04 E0 EC 00  0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 G O ö O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 D F 6 0 O O O G O O O O F F 0 4 0 0 8 0 A 0 0 0 A 9 3 C *
C 0 0 0 2 0 0 0 C 4 0 0 0 3 5 0 0 0 6 A 3 E F F A 5 0 0 C 5 A F 0 4 D F B 0 O O O O F F O O 0 0 0 0 0 0 0 0 F E 0 4 0 1 3 2 8 0 0 0 0 A 1 E
0 C 0 0 4 C 0 0 0 5 A 4 9 8 O C O O ö G O 1 0 0 0 0 1 4 6 8 0 0 0 0 5 9 2 0 08 3 D5B00 0 G 0 C 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 *. .
0 0 0 0 6 C 0 0 0 4 0 0 0 0 G 0 G 0 7 B C 8 C 0 0 4 0  OOG 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D 1 0 0 0 0 4 0 0 0 0 00 0 0  7 5 IA * • •

0 4 D F 6 C 9 0 E C D 0 0 C 0 5 C 0 4 1 F 0 C 2 B 2 5 0 F D 0 0 0 8 5 0 D F G 0 0 4 1 8 D F D 7 0 3 D 0 0 8 D 0 0 8 4 7 F 0 C 0 A E 9 0 0 F * • .
0 4 D F 8 0 D 0 0 C 1 2 1 1 4 7 8 G C 0 9 4 48 F 10000 1 2 F F 4 7 8 0 C 0 9 4 0 6 F 0 1 8 B F 8 9 F 0 0 0 0 2 5 8 E F C 1 6 2 1 2 E E * • • <oo

0 4 D F A 0 4 7 7 0 C G 4 6 4 1 A F C 1 6 2 4 7 F 0 C 0 6 8 4 4 B Q C 0 A 2 4 7 8 0 C 0 9 4 4 1 A B E 0 0 B 0 2 0 2 C 0 A B A 0 0 0 5 8 9 0 *. .
0 4 D F C 0 C 0 A A 1 2 9 9 4 7 8 0 C 0 6 8 18 E 947F 0 C 0 4 6 D 2 0 2 A 0 0 C C 1 8 3 5 8 2 0 C 1 8 2 4 1 3 B 2 0 0 E 503 O C 18 2 *
0 4 D F E 0 4 4 B 0 C 0 9 C 4 1 B Ö 0 0 0 B 4 122B001 D 7 0 2 2 0 0 0 2 0 0 C 1 B F F 9 8 0 E D 0 0 C 0 7 F E 4 1 F 0 0 0 0 4 4 7 F  0 *
0 4 E Q 0 0 C 0 8 E D 2 0 G 2 0 0 0 1 0 0 2 D 5 0 G E 0 0 0 1 C 0 2 0 0 0 0 0 0 0 0 0 0 0 0 9 8 3 5 C 0 D 2 1 8 1345E0 C 0 1 8 4 7 F F * • •
0 4 E 0 2 0 C 0 B C 4 7 F 0 C 0 C 2 G 0 0 4 8 7 3 4 C 0 B 2 0 0 1 4 5 8 D D 0 0 0 4 9 8  EC D C G C 0 7 F E 0 0 0 4 E 0 4 4 O O O O O O O A
0 4 E 0 4 0 0 0 0 4 E 0 C 5 0 0 0 1 C 1 4 0 4 0 4 0 4 0 4 0 4 0 4 0 0 0 0 2 C 1C 14040 4 0 4 0 4 0 4 0 0 0 0 3 C 1 C 1 C 1 4 0 4 0 4 0 * • . .E. . A • • AA .. AAA *
0 4 E 0 6 C 4 C 4 C 0 0 C 1 C 2 4 C 4 0 4 0 4 0 4 0 4 0 4 0 G 0 0 2 C 2 C 2 4 0 4 0 4 0 4 0 4 C 4 0 0 0 Q 3 C 2 C 2 C 2 4 0 4 0 4 0 4 0 4 0 * . .B • .BB . . BBB *
0 4 E 0 8 C 0 0 0 2 C 3 C 3 4 0 4 0 4 0 4 0 4 0 4 0 0 0 0 3 C 4 C 4 C 4 4 0 4 0 4 0 4 0 4 0 0 0 0 3 D 4 D 4 D 4 4 0 4 0 4 0 4 0 4 0 0 0 0 6 *. .CC • •DDD . . MMM . • *
0 4 E 0 A 0 E 2 C 9 E 7 D Ó C 6 F 1 4 0 4 0 0 0 0 8 C 1 D 3 D 3 C 5 C 9 C 7 C 8 E 3 0 0 0 Q E 3 C 5 E 2 E 3 4 0 D 3 7 E F 0 0 0 0 6 D 5 C 1 * S I X 0 F 1  .. A L L E I G H T . .TEST L.ü. • NA*
0 4 E 0 C 0 D 4 C 5 7 B F 6 4 0 4 0 0 0 0 0 G 4 E 0 E C 0 G 0 4 E OFAG 0 0 4 E 1 0 9 0 0 O O O G O O O O O O O O O Ü O C 0 0 0 0 0 0 0 0 -ME .6 . . . .
0 4 E 0 E 0 O O u C ü G ü G GuGGO 000 0 0 0 4 E 1 1 9 C 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O O C O 0 0 0 0 C 1 C 1 O O O O O O C O ♦ , .
0 4 E 100 0 0 0 0 0 C C C 0000 0 0 0 0 0 0 C 1 C 1 C 1 O G G O O O O O O O O O O Ü O C O O C O O O O O O O O O O O C O 0 0 0 0 0 0 0 0 £ . . . -
C 4 E 1 2 0 o o o c o o o c G O C O G O O O O O O O O G O O 0 0 0 0 0 0 0 0 O O O O O G O O O O G O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * i ,
0 4 E 1 4 0 0 0 0 G 0 C C 0 O G O O C C O O O C O O O O O O 0 0 0 0 0 0 0 0 O C O O O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O C O O O O * . i *
0 4 E 1 6 C 0 0 0 G 0 C G C O O O O C O G O O O G O O C O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O O O G O O O O O G O O * • .
0 4 E 1 8 0 o o o o o o c o ü ü G O G O C G O O O C O O O O 0 0 0 0 0 0 0 0 O O O G O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O G O O O O ♦ . .
0 4 E 1 A 0 0 0 C O C O O G O O O O O O C O O O O O O G O O O O O O O G O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O G O O O O O C O O O O * ..
C 4 E 1 C 0 O O O Ü Q G C C GCOöü 000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ö o o o o o o o 0 0 0 0 0 0 0 0 O O O O O O C O
0 4 E 1 E 0 o o o o o o c o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O G O O O O O G O O O O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O C O O O O O O * # ,
0 4 E 2 0 0 0 0 0 0 G C C C G ü O G G O C O 0 0 0 0 0 0 0 0 G O O O O O O O 0 0 0 0 0 0 0 0 O O O G O O O O C A 5 E 9 6 8 C 0 0 0 5 9 F 6  8 - . .
0 4 E 2 2 0 0 0 0 0 C 0 u G F F F F F F 2 E 0 0 0 4 E 0 6 2 0 0 G 1 D A A C G 0 0 4 E 0 6  2 O O O O O O O A 0 C 0 4 E 0 C 5 0 0 0 1 D 6 0 0 *
0 4 E 2 4 0 0 0 0 1 A A 4 8 0 0 0 1 DA90 0 0 0 0 0 0 0 0 0 0 0 1 D A B 8 0 0 0 0 0 0 0 0 6 F 0 4 D F 6 6 C 0 0 4 E 2 1 8 8 F 0 4 E 0 1 E 4' . .
Q 4 E 2 6 G O O O G O u C  0 C 5 C 0 0 4 F C 0 7 0 0 4 1 1 0 CO 100 511 0 F 0 4 E 3 0 4 7 F F F 0 A 0  E 5 8 B 0 0 C 10 9 1 1 0 6 0 7 4 * . . . . . *

0 4 E 8 2 0 504 0 1 0 1 G 4 3 4 G A C C 8 1 2 4 4 4 7 8 0 8850 482 0 A 0 0 E 5 4 2 0 8 A 9 E 4 7 8 Q 8 7 F C 0 6 2 0 5 A 2 G B 0 1 0
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QQQQQQQQQQ UU UU EEEEEEEEEEEE UU UU EEEEEEEEEEEE WW WW ppppppppppp
QQQQQQQQQQQQ ÜU UU EEEEEEEEEEEE UU UU EEEEEEEEEEEE WW WW pppppppppppp
QQ QQ UU UU EE UU UU EE WW WW pp pp
QQ QQ UU UU EE UU UU EE WW WW pp pp
QQ QQ UU UU EE UU UU EE WW WW pp pp
QQ QQ UU UU EEEEEEEE UU UU EEEEEEEE WW WW pppppppppppp
QQ QQ UU UU EEEEEEEE UU UU EEEEEEEE WW WW WW p p p pp p p p p p p
QQ QQ QQ UU UU EE UU UU EE WW w ww w WW pp
QQ QQ QQ UU UU EE UU UU EE WW WW WW WW pp
QQ QQQQ UU UU EE UU UU EE wwww wWWW pp
QQQQQQQQQQQ UUUUUUUUUUUU EEEEEEEEEEEE UUUUUUUUUUUU EEEEEEEEEEEE WWW WWW pp

QQQQQQQQ QQ UUUUUUUUUU EEEEEEEEEEEE UUUUUUUUUU EEEEEEEEEEEE WW WW pp

9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  
99  99
99 99
99  99
9 9 9 9 9 9 9 9 9 9 9 9  
9 9 9 9 9 9 9 9 9 9 9 9  

99  
99

99 99
9 9 9 9 9 9 9 9 9 9 9 9  

9 9 9 9 9 9 9 9 9 9



EXTERNAL SYMBOL DICTIONARY PAGE 1
SYMBOL TYPE ID A DDR LENGTH LD ID 1 3 . 0 2  9 / 1 7 / 7 0

OUEUESUP SD 01 OOCOOO 0 G0 1F4
PCHKRETN ER 02 ,
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o o c o o o

0 0 0 0 0 0
OOCOOl
000002
0 0 0 0 0 3
0 0 0 0 0 4
0 0 0 0 0 5
0 0 0 0 0 6  
OOOCOT 
0 0 0 0 0 8  
0 0 0 0 0 9  
OOG0 0 A 
0 0 O0 0 B 
OOOOOC 
0 0 0 0 0 0  
OOOOQE 
O O O O O F

LOC DBJFCT CODE ADDR1 ADDR2

OOCOOO 90 EC DGOC OOOOC
0 0 0 0 0 4 05C0
0 0 0 0 0 6
0 0 0 0 0 6 41 F C C 0 8 E 0 0 0 9 4
0 0 0 0 0 A 50 FO 0 GO 8 0 0 0 08
OOOOOE 50DF 0 0 0 4 0 0 0 0 4
0 0 0 0 1 2 180F
0 0 0 0 1 4 D 703 DO08 DOGS 0 0 0 0 8  0 0 008

STMT SOURCE STATEMENT

1 QUEUESUP CSECT
2 COPY MHMBEGIN
3 RO EQU 0
4 R 1 EQU 1
5 R2 EQU 2
6 R3 EQU 3
7 R4 EQU 4
8 R5 EQU 5
9 R6 EQU 6

10 R 7 EQU 7
11 R 8 EQU 8
12 R 9 EQU 9
13 RIO EQU 10
14 R l l EQU 11
15 R12 EQU 12
16 R 1 3 EQU 13
17 R1 4 EQU 14
18 R 1 5 EQU 15
19 STM R1 4 »R 1 2 t 1 2 ( R 13 )
20 BALR R12 t 0
21 US ING * , R 1 2
22 LA R15, SAVEAREA
23 ST R 1 5 t 8( R1 3 )
24 ST R 1 3 , 4 ( R 1 5 )
25 LR R 1 3 , R 1 5
26 XC 8 ( 4 * R 13 ) , 8 ( R. 13 )
27 * END 0 F STANDARD ENTRY
28 PRINT OFF

PAGE 1

F08APR70 9/17/70

SAVE THE C A L LE R ’ S REG I 
EST ABL ISH PROGRAM BASE 
LET THE ASSEMBLER KNOW 
ADDRESS OF MY SAVE ARE 
BACKWARD CHAIN 
FORWARD CHAIN 
EST ABL ISH MY SAVE AREA 
TERMINATE THE FORWARD 

LINKAGE CONVENTIONS.

STERS

A

CHAIN

0 0 0 0 0 1 0 0  
0 0 0 0 0 2 0 0  
0 0 0 0 0 7 0 0  
0 0 0 0 0 8 0 0  
0 0 0 0 0 9 0 0  
0 0 0 0 1 0 0 0  
0 0 0 0 1 1 0 0  
0 0 0 0 1 2 Q 0  
OC 0 0 1 3 0 0  
0 0 0 0 1 4 0 0  
0 0 0 0 1 5 0 0  
0 0 0 0 1 6 0 0  
0 0 0 0 1 7 0 0  
0 0 0 0 1 8 0 0  
000C1P00 
0 0 0 0 2 0 0 0  
0 0 0 0 2 1 0 0  
0 0 0 0 2 2 0 0  
0 0 0 0 2 4 0 0  
0 0 0 0 2 5 0 0  
0 0 0 0 2 6 0 0  
0 0 0 0 2 7 0 0  
0 0 0 0 2 8 0 C 
0 0 0 0 2 9 0 0  
0 0 0 0 3 0 0 0  
0 0 0 0 3 1 0 0  
0 0 0 0 3 2 0 0  
0 0 0 0 C 3 0 0



QUEUE PROCESSING TECHNIQUES WORK PROJECT.  PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70 9 / 1 7 / 7 0

35 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 0 I G C 0
36 * 0 0 0 0 1 1 0 0
37 * T H I S  CODE TESTS ALL THE QUEUEING ROUTINES.  I T  L I N K S  TO EACH 0 0 0 0 1 2 0 0
38 * 4 T I M E S .  I T  WI LL  ADD 2 ELEMENTS TO THE QUEUE, TAKE A DUMP, 0 0 0 0 1 3 0 0
39 * ADD A THIRD ELEMENT,  TAKE ANOTHER DUMP, REMOVE THE F I RS T 0 0 0 0 1 4 0 0
40 * ELEMENT FROM THE QUEUE,  AND TAKE ANOTHER DUMP. T H I S 0 0 0 0 1 5 0 0
41 ❖ SEQUENCE ALLOWS YOU TO SEE THE CONTENTS OF EACH QUEUE AS I T 0 0 0 0 1 6 0 0
42 * I S  BEING B U I L T . 0 0 0 0 1 7 0 0
43 ❖ 0 0 0 0 1 8 0 0
4 4 ❖ * * * # # * * * # * # * * # # * £ ❖ *  * * * * * *  # * * * ## ❖❖ ❖❖* :  J i j * # * # # * # * * # * * * * # * * * * * * * * * * #  * * * * * * * 0 0 0 0 1 9 0 0

46 * * *  * * * *  *  * *  *  *  *  *  3fiC *  * * *  *  I * # * # * # #  *  *  *  *  *  * * * *  *  *  * *  *  *  *  * *  *  *  * *  *  * * * *  *  *  * *  *  * *  *  * * *  *  *  *  *  *  * 0 0 0 0 2 1 0 0
4 7 * * * * * * * * * * * * * * * * * * * * * * * * * *  INSTRUCTIONS TO THE READER. * * * * * * * * * * * * * * * * 0 0 0 0 2 2 0 0
48 * * * * * * * * * * * * * * * * * * * * * * * * * *  ------------- 0 0 0 0 2 3 0 0
4 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 0 2 4 0 0
50 ❖ READ OVER THE TEXT THAT FOLLOWS THIS  CODE, I T  EXPLAINS THE 0 0 0 0 2 5 0 0
51 ❖ TERMINOLOGY ASSOCIATED WITH QUEUES.  WHEN YOU HAVE F I N I S H E D 0 0 0 0 2 6 0 0
52 * READING THAT INFORMATION , DIRECTIONS WILL BE GIVEN TO TELL 0 0 0 0 2 7 0 0
53 ❖ YOU WHAT TO DO NEXT.  DO NOT WASTE T I ME  READING THE TEST CODE. . 0 0 0 0 2 8 0 0
54 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 0 0 0 0 2 9 0 0

0 0 0 02 A 41 5 0 C0D6 OOODC 56 BEGIN LA R 5 , QUINGLST ADDRESS OF QUEUEING ROUTINE ADDRS. 0 0 0 0 3 1 0 0
0 0 0 0 2  E 4 1 6 0 0 0 0 8 0 0 0 0 8 57 LA R 6 , 8 INCREMENT. 0 0 0 0 3 2 0 0
0 0 0 0 3 2 4 1 7 0 COED 00CF3 58 LA R 7 , QE LE MN TS- 1 ADDRESS L I S T  END. CO00 3 300
0 0 0 0 3 6 4 1 8 0 0 0 0 4 0 0 0 0 4 59 LA R8 , 4 INCREMENT. 0 0 0 0 3 4 0 G
0 0 0 0 3  A 4 1 9 0 C0F9 OOOFF 60 LA R 9 , BL0CK1—1 ADDRESS OF L I S T  END. 0 0 0 0 3 5 0 0
0 0 0 0 3  E 41 AO COEE 0 0 0 F 4 61 TESTLGOP LA R 1 0 , QELEMNTS ADDR. OF ELEMENTS ADDRESS L I S T . 0 0 0 0 3 6 0 0
C 0 0 0 4 2 41B0 0 0 0 2 0 0 CO 2 62 LA R l l  , 2 LOOP COUNT BEFORE F I RS T DUMP. 0 C00 370 C
0 0 0 0 4 6 5 8 1 A 0 0 0 0 0 0 0 0 0 63 QENTER L R 1 , 0 ( R I O ) ADDRESS OF A QUEUE ELEMENT TO ADD. 0 0 0 0 3 8 0 0
0 0 0 0 4 A 58F5 0 0 0 0 0 0 0 0 0 64 L R 1 5 , 0 ( R 5 ) ADDR.  OF ENQUEUE S UB -R O UT I NE . 0 0 0 0 3 9 0 0
0 0 0 0 4 E 05 EF 65 BALR R 1 4 , R 1 5 L I N K  TO ENQUEUE ROUTI NE . 0 0 0 0 4 0 0 0
0 0 0 0 5 0 46 BO C050 0 0 0 5 6 66 BCT R l l , NODUMP DUMP ONLY AFTER ADDING 2 ELEMENTS. 0 0 0 0 4 10G
0 0 0 0 5 4 0000 67 DC H* 0 1 0 0 0 0 4 2 0 0
0 0 0 0 5 6 87A8 C040 0 0 0 4 6 68 NODUMP BXLE R I O , R 8 , Q E N T E R ADD TOTAL OF THREE ELEMENTS TO Q. 0 0 0 0 4 3 0 0
00C05A 0001 69 DC H'  1» DUMP AFTER ADDING 3RD. 0 0 0 0 4 4 0 0
0 0 0 0 5 C IB 11 70 SR R 1 , R1 RESET PARAMETER R E GI S TE R . 0 0 0 0 4 5 0 0
0 0 0 0 5  E 58F5 0 0 0 4 0 0 0 0 4 71 L R1 5 , 4 ( R 5 ) ADDR. OF DEQUEUE S U B- RO UT I N E . 0 0 0 0 4 6 0 0
0 0 0 0 6 2 05EF 72 BALR R 1 4 ,  R 1 5 L I N K  TO DEQUEUE ROUTINE. 0 0 0 0 4 7 0 0
0 0 0 0 6 4 1211 73 LTR R 1 , R1 F I N D  ONE ? 0 0 0 0 4 8 0 0
0 0 0 0 6 6 4 7 2 0 C06 A 0 0 0 7 0 74 BP DUMPIT YES,  TAKE A DUMP. 0 0 0 0 4 9 0 0
0 0 0 0 6 A 0002 75 DC H'  2 * NO,  TAKE A DUMP ( D E B U G ) . 0 0 0 0 5 0 0 0
0 0 0 06 C 4 7F0 C06C 0 0 0 7 2 76 B DUMPIT+2 0 0 0 0 5 1 0 0
0 0 0 0 7 0 0003 77 DUMPIT DC H * 3 • 0 0 0 0 5 2 0 0
0G0072 D707 CCFE CCFE 0 0 1 0 4 0 0 1 0 4 78 XC B L0C K1+ 4 ( 8 ) , BLOCK1+4 CLEAR THE 0 0 0 0 5 3 0 0
0 0 0 0 7 8 D707 C 112 C l  12 0 0 1 1 8 0 0 1 1 8 79 XC B L 0 C K 2 + 4 ( 8 ) , BL0CK2+4  L I N K  F I ELDS 0 0 0 0 5 4 0 C
C0007E D707 C 126 C126 0012C 0012C 80 XC B L 0 C K 3 + 4 I 8 ) , BL0CK3+4  IN THE BLOCKS. 0 0 0 0 5 5 0 0
0 0 0 0 8 4 8 756 C 03 8 00 0 3E 81 BXLE R 5 , R 6 , T E S T L 0 0 P LOOP THROUGH ALL ROUTI NE S. 0 0 0 0 5  6 CO
0 0 0 0 8 8 5 8DD 00G4 0 0 0 0 4 82 RETURN L R 1 3 , 4 ( R 1 3 ) RELOAD SAVE REGISTER ADDRESS. 0 0 0 0 5 7 0 0
0 0008C 98EC DOOC OOOOC 83 LM R 1 4 , R 1 2 , 1 2 ( R 1 3 ) RELOAD C AL LE R 'S  R EGI STERS. 0 0 0 0 5 8 0 0
0 0 0 0 9 0 07FE 84 BR R14 RETURN 0 0 0 0 5 9 0 0
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LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 7 / 7 0

0 0 0 0 9 4 86 SAVEAREA DS 18F 0 0 0 0 6 1 0 0
9000DC 0 0 0 0 0 1 3 C G 0 0 0 0 1 5 8 87 QUINGLST DC A C F I F G E N Q l , F I F 0 D E Q 1 ) 00 0 C6 20 C
0 0 0 0 E 4 0 0 0 0 0 1 6 C 0 0 C 0 0 1 8 2 88 DC A ( L I F 0 E N Q 2 , L I F 0 D E Q 2 ) 0 0 0 0 6 3 0 0
OOOOEC 0 0 0 0 0 1 A4G00001CC 89 DC A(PRTYENQ2,PRTYDEQ2) 0 0 0 0 6 4 0 0

C 0 0 0 F 4 0 C 0 0 0 1 0 0 0 0 0 C 0 1 1 4 91 QELEMNTS DC A ( B L 0 C K 1 , B L 0 C K 2 , B L 0 C K 3 ) 0 0 0 0 6 6 0 0
0 0 0 1 0 0 09 92 BLOCK 1 DC X'  0 9 ' P R I O R I T Y 0 0 0 0 6 7 0 0
0 0 0 1 0 1 0 0 0 0 0 0 Q3 CC A L 3 ( 0 ) 0 0 0 0 6 8 0 0
0 0 0 1 0 4 OOOOOOCOOOOOGGüO 94 DC 4 F * 0 ' 0 0 0 0 6 9 0 0
0 0 0 1 1 4 01 95 BLOCK 2 DC X'  0 1 ' P R I O R I T Y 0 0 0 0 7 0 0 0
0 0 0 1 1 5 0 0 0 0 0 0 96 DC A L 3 ( 0 ) 0 0 0 0 7 1 0 0
0 0 0 1 1 8 0 0 0 0 0 0 0 0 GOGOOO00 97 DC 4 F '  0 * 0 0 0 0 7 2 0 0
0 C01 28 06 98 BL0CK3 DC X • 0 6 1 P R I O R I T Y 0 0 0 0 7 3 0 0
0 0 0 1 2 9 0 0 0 0 0 0 99 DC A L 3 ( 0) 0 0 0 0 7 4 0 0
0 0 01 2C 0 0 0 0 0 GO0 0 CGOOGGO 100 DC 4 F * 0 ' 0 0 0 0 7 5 0 0

cooooo 102 QELEMENT DSECT DUMMY SECTION FOR A QUEUE ELEMENT. 0 0 0 0 7 7 0 0
000000 103 PRTY DS C P R IO R I T Y  VALUE 0 0 0 0 7 8 0 0
0 0 0 0 0 1 10 4 DS AL3 0 0 0 0 7 9 0 0
0 0 0 0 0 4 105 LINKFWRD DS F FORWARD L I N K  F I E L D . 0 0 0 0 8 0 0 0
0 0 0 0 0 8 106 L I N K  BKWD DS F BACKWARD L I N K  F I E L D 0 0 0 0 8 1 0 0
oooooc 107 DS 2F 0 0 0 0 8 2 0 0
0 0 0 0 0 4 108 D l SPLFWD EQU LINKFWRD-QELEMENT DISPLACEMENT TO FORWARD L I N K  F I E L D . 0 0 0 0 8 3 0 0
0 0 0 0 0 8 109 DISPLBWD EQU LINKBKWD—QELEMENT DISPLACEMENT TO BACKWARD L I N K  F I E L D . 0 0 0 0 8 4 0 0

0 0 0 0 0 0 111 QUEUESUP CSECT RESUME CSECT. 0 0 0 0 8 6 0 0



QUEUE PROCESSING TECHNIQUES WORK PROJECT PAGE 4

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8A PR 70

113
1 14
115
11 6
1 1 7
118
119
120 
121 
122
123
1 2 4
12 5
1 26
127
128
1 2 9
130
131
132
133
1 3 4
135
1 36
13 7
13 8
1 39
14 0
141
14 2
143
1 4 4
145
146
14 7
14 8
1 4 9
150
151
152
153 
1 54
155
156

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
*
*  * * * * * * * * * * * * * * * * * * *  BEGIN r e a d i n g  h e r e . * * * * * * * * * * * * * * * *
*

*  YOU ALREADY KNOW WHAT A "QUEUE”  IS , SO I  WON'T BOTHER TO
*  R E - E X P L A I N .  THE F I R S T  THING THAT I DO WANT TO LOOK AT I S
*  SOME OF THE TERMINOLOGY ASSOCIATED WITH QUEUES.
*

*  F I R S T ,  QUEUES ARE MADE UP OF THINGS THAT REPRESENT THE
*  ENQUEUED REQUEST.  WELL,  " T H I N G S ”  PROBABLY I S N ' T  A VERY
*  GOOD TERM TO USE,  BECAUSE " T H I N G S ”  ENCOMPASS A LOT OF
*  " S T U F F ”  NOT PERTINENT TO QUEUES.  SO,  I ' L L  CALL THEM
*  QUEUE "E LE ME NTS ”  OR " BLOC KS "  AS THEY ARE FREQUENTLY
*  CALLED BY SOME SYSTEM PROGRAMMERS. THESE " B L O C K S "
*  ARE NOTHING MORE THAN AREAS OF CORE STORAGE THAT CONTAIN

>  DATA RELATED TO THE "REQUEST"  WE HAVE MADE THAT CAUSED
*  US TO GET PUT I N  THE QUEUE I N  THE F I RS T PLACE.
*

BEHOLD A " B L OC K" :
1 SOME DATA ABOUT THE REQUESTI

THAT *S COOL,  I S N ' T
0

I T ? ? ?
+N

*
*  DON ' T  FORGET THAT A QUEUE I S  A L I S T  OF I T EM S,  AND OUR SINGLE
*  BLOCK DOESN' T LOOK MUCH L I K E  A L I S T ,  SO WE ARE GOING TO
*  HAVE TO PUT TOGETHER SOME K IND OF L I S T  TO LET THE QUEUE
*  PROCESSING ROUTINE KNOW THE ORDER IN WHICH THE ITEMS ARE
*  TO BE HANDLED (PROCE SS ED) .
*
*  MORE L I K E L Y  THAN NOT,  HOWEVER, THE WRITER OF THE QUEUE
*  PROCESSING ROUTINE I S  NOT INTERESTED I N  B U I L D I N G  A SEPARATE
*  L I S T  OF ADDRESSES,  POI NT I NG TO ALL THE " E LE ME NTS "  I N  THE
*  QUEUE (YOU KNOW HOW PROGRAMMER'S CAN B E . . . . ) ,
*  SO WE W I L L  PROBABLY HAVE THE ELEMENTS POINT TO EACH OTHER.
*  ALSO,  NOT HAVING A F I X E D  NUMBER OF POINTERS TO THE ELEMENTS
*  IN THE QUEUE,  WE ARE ABLE TO HAVE A QUEUE OF VARYING LENGTH
*  (ANY WHERE FROM 0 TO I N F I N I T Y  OR THE END OF OUR A VA I L A B L E
*  CORE STORAGE, WHICHEVER COMES F I R S T ) .
*

*  THE WAY IN WHICH THE I N D I V I D U A L  BLOCKS ADDRESS EACH OTHER
*  BRINGS A COUPLE OF NEW TERMS INTO THE D I S C U S S I O N .
*
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

9 / 1 7 / 7 0

0 0 0 0 8 8 0 0
0 0 0 0 8 9 0 0
0 0 0 0 9 0 0 0
0 0 0 0 9 1 0 0
0 0 0 0 9 2 0 0
0 0 0 0 9 3 0 0
0 0 0 0 9 4 0 0
0 0 0 0 9 5 0 0
0 0 0 0 9 6 0 0
0 0 0 0 9 7 0 0
0 0 0 0 9 8 0 0
0 0 0 0 9 9 0 0
0 0 0 1 0 0 0 0
00010100
00010 2 0 0
0 0 0 1 0 3 0 0
0 0 0 1 0 4 0 0
0 0 0 1 0 5 0 C
0 0 0 1 0 6 0 0
0 0 0 1 0 7 0 0
0 0 0 1 0 8 0 0
0 0 0 1 0 9 0 0
0 0 0 1 1 0 0 0
0 0 0 1 1 1 0 0
0 0 0 1 1 2 0 0
0 0 0 1 1 3 0 0
0 0 0 1 1 4 0 0
0 0 0 1 1 5 0 0
0 0 0 1 1 6 0 0
0 0 0 1 1 7 0 0
0 0 0 1 1 8 0 0
0 0 0 1 1 9 0 0
000120ÜG
0 0 0 1 2 1 0 0
0 0 0 1 2 2 0 0
0 0 0 1 2 3 0 0
0 0 0 1 2 4 0 0
0 0 0 1 2 5 0 0
0 0 0 1 2 6 0 0
0 0 0 1 2 7 0 0
0 0 0 1 2 8 0 0
0 0 0 1 2 9 0 0
0 0 0 1 3 0 0 0
0 0 0 1 3 1 0 0
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

15 8  * *  =
159  *
1 6 0  # 
161 *  
162 *
1 63 #
16 4  *
165 *
166  *
16 7  *
168  *
1 6 9  *
1 7 0  *
171 *
172 *
173  *
1 7 4  *
175 *
176 *
17 7  *
178  *  
1 7 9 #  
18 0  *  
181 *  
182 *
183  *
1 8 4  *
185  *  
1 8 6 '  *
187  *
188 *
18 9  *
1 9 0  *
191 *
192 *
193 *
1 9 4  *  -
19 5  *
19 6  *
19 7  *
198 *
1 9 9  *
200  *  
201  *  
202  *
203  *
2 0 4  *
2 0 5  *
2 0 6  *
2 07  * *

IN ORDER TO HAVE A QUEUE AT ALL , THE ELEMENTS W I TH I N  I T  MUST 
BE L I NK ED  TO OTHER ELEMENTS I N  THE QUEUE.

I F  EACH SINGLE ELEMENT POINTS TO THE ONE THAT FOLLOWS I T  
IN THE QUEUE,  THAT I S ,  EACH ELEMENT CONTAINS THE ADDRESS OF 
ONLY ONE OTHER ELEMENT I N  THE QUEUE,  THE QUEUE IS SAI D  TO BE 
" S I N G L E  THREADED” . IN OTHER WORDS, THERE I S  ONLY A SINGLE 
ADDRESS CHAI N (THREAD)  L I N K I N G  THE ELEMENTS TOGETHER.
FOR EXAMPLE,  T H I S  I S  A " S I N G L E  THREADED"  QUEUE:

+--- ,---+
1 +— - + -
+— -------------- +
I I
I I
! I
+------------- —  +

+----- ------- —  +
> |  ~ + ’ 

+----------------- +
I I
I I
I I
+------------------ +

+------------------ +
> | + ------+

+----------------- +
I I
I I
I I
+ ----------------- - +

+------- +
>1 0 0 0 0 0 0  |

+--------------- -  +
i i
1 l
I I

THE ZEROS IN THE LAST BLOCK ARE USED TO SHOW THAT TH IS  I S  
THE LAST BLOCK IN THE QUEUE (SAME AS I N SYNONYM C H A I N S ) .

OR / E A C H  ELEMENT NAY ADDRESS BOTH THE ELEMENT I N  FRONT OF 
I T S E L F ,  AS WELL AS THE'ONE BEHIND I T S E L F ,  MAKING UP A 
" DOUBLE-THREADED"  QUEUE., T H I S  -MIGHT BE DONE WHENEVER I T  IS  
ADVANTAGEOUS TO KNOW THE’ WHEREABOUTS OF SÜTH THE "PREDECESSOR" 
AND "SUCCESSOR"  OF ANY ELEMENT (TO B E A B T E  TO SEARCH BOTH 
DIRECTIONS IN THE QUEUE) .
HERE I S  A DIAGRAM SHOWING THE R E LA T I O N S H I P  OF ELEMENTS IN 
A "DOUBLE THREADED"  QUEUE. '

0 + — — ------+'
I I

+ 4 + ------------------+
I o c o o o o  \<

+8 +------- ----------+
| 4-------+■—

4- ]_ 2 4-------------------+
I I
i i
i l
i i
4------------------+

04— ----— ---- +
i ]

4-44---------------— 4-
---------— + ------------ + | <

4-84------------------ 4-
---- ->  | 4~ - 4—

4-1 2 +----------------- +
I i
I I
I I
\ t
4-----------   +

0 + — •--------—  +
I (

4-4 -»--,—----- — 4-
--+— + |<
4-84------------- ----4-

---- > | 4-— + -
+ 12 +------------------+

I I
I I
I I
I I
+■■’-----------------4-

0 +"1------------------+
I I

4- 4 + --------------------------------+

---- +— + I
4-8 +---------------- +

■— >1 000000 I
+ 1 2 + ------------------ +

I I
I I
I t
I I
+------------------ +

I F  YOU LOOK CLOSELY,  YOU WILL  NOTI CE THE S I M I L A R I T Y  BETWEEN 
THE ABOVE QUEUE AND THE REGISTER SAVE AREAS THAT YOU HAVE 
BEEN CONSTRUCTING,  I F  YOU HAVE BEEN FOLLOWING CONVENTIONS.

0 0 0 1 3 3 0 0  
0 0 0 1 3 4 0 0  
0 0 0 1 3 5 0 0  
0 0 0 1 3 6 0 0  
0 0 0 1 3 7 0 0  
0C 01 380 G 
0 0 0 1 3 9 0 0  
0 0 0 1 4 0 0 0  
0 0 0 1 4 1 0 0  
0 0 0 1 4 2 0 0  
0 0 0 1 4 3 0 0  
0 0 0 1 4 4 0 0  
0 0 0 1 4 5 0 0  
0 0 0 1 4 6 0 0  
0 0 0 1 4 7 0 0  
0 0 0 1 4 8 0 0  
0 0 0 1 4 9 0 0  
0 0 0 1 5 0 0 0  
0 0 0 1 5 1 0 0  
G 0 0 1 5 2 0 0  
0 0 0 1 5 3 0 0  
0 00154 0 . 0  
0 0 0 1 5 5 0 Ö  
0 0 0 1 5 6 0  0; 
0 CO1 5 7 0 0  
CO0 1 5 8 0 0  
0 CO1 5 9 0 0 •  
0 0 0 1 6 0 0 0  
0 0 0 1 6 1 0 0  
OC0 1 6 2 0 0  
0 0 0 1 6 3 0 0  
0 0 0 1 6 4 0 0  
0 0 0 1 6 5 0 0  
0 0 0 1 6 6 0 0  
0 0 0 1 6 7 0 0  
0 0 0 1 6 8 0 0  
0 CO16 900  
0 0 0 1 7 0 0 0  
0 0 0 1 7 1 0 0  
0 0 0 1 7 2 0 0  
0 0 0 1 7 3 0 0  
0 0 0 1 7 4 0 0  
0 0 0 1 7 5 0 0  
0 0 0 1 7 6 0 0  
0 0 0 1 7 7 0 0  
0 0 0 1 7 8 0 0  
0 0 0 1 7 9 0 0  
0 0 0 1 8 0 0 0  
0 0 0 1 8 1 0 0  
0 0 0 1 8 2 0 0
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LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

2 0 9
210 
211 
212
2 13
2 1 4
2 1 5
2 1 6
2 1 7
2 1 8
2 1 9
220 
221 
222
223
2 2 4
22 5
2 2 6
22 7
22 8
2 2 9
2 3 0
231
2 3 2
2 33
2 3 4
2 35
2 3 6
23 7
2 3 8
2 3 9
2 4 0
241
24 2
2 4 3
2 4 4
24 5
2 4 6
2 4 7
2 4 8
2 4 9
2 5 0
251

jjcjjcjjcjjc#** *  #  *  *  * * * #  3{C #  #  3{S sjs *  #  * * * %  5jc Jjs # #  #  *  *  #  5jt £  #  #  *  *  #  jjS #  *  #  *  jj£ *  *  jje jJj

❖
*  THE NEXT THING THAT WE OUGHT TO BE ABLE TO DO I S  LOCATE THE
*  START OF THE QUEUE,  SO THAT WE KNOW WHO'S F I RS T ( F A I R  I S
*  F A I R ) .  WE WI LL  DO T HI S  BY P O IN T I NG  TO THE F I RS T ELEMENT
*  WITH A FULL WORD OF STORAGE. GIVEN THE FOLLOWING:

*  +----------------- + +------------------+ +-------------------+
*  | +------ +------------> | +-------+------------> 1 0 0 0 0 0 0  1
* +-------+ +--- ---- + +------- +
*  HEAD P TR . | I I  |
*  I I I I

*  . WE HAVE A " S I N G L E  HEADED" QUEUE,  I N  THAT THERE I S  A SINGLE
*  POINTER TO THE START OR "H E AD "  OF THE QUEUE.  COMBINE TERMS
*  AND WE F I N D THAT THE ABOVE I S  REALLY A "S I NG LE -H E AD ED
*  S I N GL E- THR EA DED "  QUEUE.

*  GET THE PICTURE ? ? ? ?
❖
*  CARRY T H I S  A STEP FURTHER,  AND WE MAY F I ND  THAT IT IS TO
*  OUR ADVANTAGE (SOMETIMES)  TO KNOW WHERE THE LAST ELEMENT
*  IN THE QUEUE IS LOCATED ALSO,  SO (ARE YOU READY FOR THIS  ?)
*  WE MIGHT HAVE A " DOU BLE- HEADED"  QUEUE,  AS I N  THE FOLLOWING
*  DIAGRAM.  ( YOU MIGHT ALSO NOTICE THAT I T ' S  S I NGL E—TH RE ADE D. )
*
*

❖

*
*
❖

*
*
*

*
*

+ -------

1 + ------+ -----------> | + ------+■

1 + ------+ — > +  |
-r + I I

1
i

HEAD
-f J |

PTR S .  1 1
1 + -----

t

1

V
+

+ —  

- > ! + —
A

+ ---------------------------- -4-

• > { 0 0 0 0 0 0  |

\

1

1

1

1

1

A

1

1

1
1

1 1 

1 1 

1 1

1

1

YOU CAN RELAX NOW, FOR AS FAR AS I KNOW, NO FAR-OUT THINKERS 
HAVE ATTEMPTED TO DESCRIBE ANY " T R I P L E - H E A D E D ,  Q U I N TU P LE -  
THREADED,  O CT AL - BA SE D,  R ECI PROCATING,  B IFURCATED,  PARAMETRIC 
QUE UE" ,  AT LEAST NOT FOR THE MOMENT.

#  Jjs $  *  #  #  jjs #  #  #  sjt #  #  #  £  :$c #  #  *  *  #  Ïjc #  Jjï jje #  #  #  #  $  #  #  ^  #  #  #  *  *  *  sjc #  #  #  #  s}t #  #  £  ^  #  $  *  #  #  %  #  #  #  #  ;js *  #  &  *  #  jjc #  sjs #  *  $

0 0 0 1 8 4 0 0  
0 0 0 1 8 5 0 0  
0 0 0 1 8 6 0 0  
0 0 0 1 8 7 0 0  
0 0 0 1 8 8 0 0  
0 0 0 1 8 9 0 0  
0 0 0 1 9  OCO 
0 0 0 1 9 1 0 0  
0 0 0 1 9 2 0 0  
0 0 0 1 9 3 0 0  
0 0 0 1 9 4 0 0  
0 0 0 1 9 5 0 0  
0 0 0 1 9 6 0 0  
0 0 0 1 9 7 0 0  
00 C l  9 8 0 0  
0 0 0 1 9 9 0 0  
0 0 0 2 0 0 0 C  
0 0 0 2 0 1 0 0  
0 0 0 2 0 2 0 0  
0 0 0 2 0 3 0 0  
0 0 0 2 0 4 0 0  
0 0 0 2 0 5 0 0  
0 0 0 2 0 6 0 0  
0 0 0 2 0 7 OC 
0 0 0 2 0 8 0 0  
0 0 0 2 0 9 0 0  
0 0 0 2 1 0 0 0  
0 0 0 2 1 1 0 0  
0 0 0 2 1 2 0 0  
0 0 0 2 1 3 0 0  
0 0 0 2 1 4 0 0  
0 0 0 2 1 5 0 0  
0 0 0 2 1 6 0 0  
0 0 0 2 1 7 0 0  
0 0 0 2 1 8 0 0  
0 0 0 2 1 9 0 0  
0 0 0 2 2 0 0 0  
0 0 C 2 2 1 0 0  
0 0 0 2 2 2 0 0  
0 0 0 2 2 3 0 0  
0 0 0 2 2 4 C 0  
0 0 0 2 2 5 0 0  
0 0 0 2 2 6 0 0

*
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 08 APR 70

2 5 3  
2 54 
2 5 5  
2 56 
2 57
2 5 8
25 9
2 6 0  
261 
2 62 
2 63
2 6 4
2 6 5
2 6 6
2 6 7
268
26 9
2 7 0
271
272
273
2 7 4
2 7 5
2 7 6
2 7 7
278
2 7 9
2 8 0  
281 
282
283
2 8 4
2 8 5
2 8 6
2 87
288
2 8 9
290
291
292 
2 93
2 9 4
29 5
2 9 6
2 9 7
2 9 8  
2Q9 
3 0 0

❖
*  WELL,  T HA T ' S  GROOVY, RIGHT ? BUT,  ONCE WE' VE GOTTEN ALL THESE
*  ELEMENTS T I E D  UP I N  A QUEUE, WE OUGHT TO DO SOMETHING ABOUT
*  GETTING THEM OFF THE QUEUE. AFTER A L L ,  THEY WERE QUEUED FOR
*  A REASON (TO GET SOMETHING DONE) .
*
*  THE ORDER IN WHICH THE ELEMENTS ARE HANDLED ( I . E . ,  ADDED TO
*  AND REMOVED FROM THE QUEUE) ,  PLAYS A LARGE PART IN THE NAMING
*  OF THE QUEUE.  L E T ' S  TAKE A LOOK AT THE DIFFERENT METHODS
*  OF PROCESSING THE QUEUE ELEMENTS.
*
*  F I R S T ,  AND PROBABLY CLOSEST TO WHAT YOU EXPERIENCE IN
*  YOUR D AI LY  ENCOUNTERS WITH QUEUES (STANDING IN L I N E  FOR
*  S OMETHING) ,  WE HAVE THE " F I R S T  COME, F I R ST  SERVED"  PHILOSOPHY.
*  EXCEPT THAT IN THE STANDARD TERMINOLOGY I T ' S  CALLED F I R S T
*  I N ,  F I R ST  OUT (FOR THE ACRONYM COLL ECTOR—F I F O ) ,  BECAUSE THE
*  F I RS T  ELEMENT ENTERED I N  THE QUEUE I S  THE F I RS T  ONE TO BE
*  SERVICED,  OR TAKEN OUT OF THE QUEUE. AFTER A L L ,  THE F I R S T
*  PERSON TO THE T I C K E T  WINDOW DESERVES THE T I CK ETS  FOR THE
*  50 -Y AR D L I N E  SEATS,  OR F I R S T  ROW CENTER STAGE.  RIGHT ? ? ? ? ?

❖
*
*
❖
*
*
*
*
*

*
*
❖

❖
*

FOR THOSE OF YOU WHO DON' T AGREE TO THAT,  PARTICULARLY THOSE 
WHO I N V A R I A B L Y  ARRIVE LATE AT THE T I CK E T L I N E ,  HERE I S  A 
METHOD OF HANDLING A QUEUE WHICH I S  YOU MIGHT PREFER.

LAST I N ,  F I R S T  OUT ( L I F O )  OR F I R S T  I N ,  LAST OUT ( OP TOMI ST IC  
POINT OF V I E W,  ( F I L  0 )  ) •  IN T H I S  K I ND OF QUEUE, THE ELEMENTS 
ARE ADDED AT THE TOP (OR BOTTOM) OF THE QUEUE, AND REMOVED 
STARTING AT THE BOTTOM (OR TOP) OF THE QUEUE.  YOU MIGHT 
CONSIDER THI S TO BE UNNATURAL,  BUT T H I N K  OF THE FOLLOWING:

YOU WANT TO DRIVE DOWN TO THE STORE I N  YOUR CAR,  SO:
1.  YOU GET OUT YOUR I G N I T I O N  KEY.
2 .  WHEN YOU GET TO YOUR GARAGE, YOU F I ND I T  LOCKED.
3 .  MUTTERING SOMETHING,  YOU GET OUT YOUR GARAGE KEY AND 

MOMENTARILY "PUSH-DOWN"  THE I G N I T I O N  KEY FOR LATER USE.
4 .  NOW YOU UNLOCK THE GARAGE, AND PUT AWAY THAT KEY.
5 .  L A S TL Y ,  YOU RETRIEVE YOUR I G N I T I O N  KEY,  AND START 

YOUR CAR (T HE  THING YOU WANTED TO DO F I R S T ) .

*  I N I T I A L L Y ,  YOU HAD WANTED TO USE THE I G N I T I O N  KEY,  BUT THIS
*  CAUSED YOU TO HAVE TO USE THE GARAGE KEY F I R S T ,  " PUSHING- DOWN"
*  THE USE OF THE I G N I T I O N  KEY FROM F I RST TO L A S T.  THE OVER- ALL
*  ACTION THAT TOOK PLACE COULD BE DESCRIBED AS A " L A S T - I N -
*  F I R ST—OUT"  OR " F I R S T - I N - L A S T - O U T "  OPERATION.
❖

PAGE 7

9 / 1 7 / 7 0

0 0 0 2 2 8 0 0  
0 0 0 2 2 9 0 C  
0 0 0 2 3 0 0 0  
0 0 0 2 3 1 0 0  
0 0 0 2 3 2 0 0  
0 0 0 2 3 3 0 0  
0 0 0 2 3 4 0 0  
0 0 0 2 3 5 0 0  
0 0 0 2 3 6 0 0  
0 0 0 2 3 7 0 0  
0 0 0 2 3 8 G 0  
0 0 0 2 3 9 0 0  
0 0 0 2 4 0 0 0  
0 0 0 2 4 1 0 0  
0 0 0 2 4 2 0 0  
0 C 0 2 4 3 0 0  
0 0 0 2 4 4 0 0  
0 0 0 2 4 5 0 C  
0 0 0 2 4 6 0 0  
0 0 0 2 4 7 0 0  
0 0 0 2 4 8 0 0  
0 0 0 2 4 9 0 0  
0 0 0 2 5 0 0 0  
0 0 0 2 5 1 0 0  
0 0 0 2 5 2 0 0  
0 0 0 2 5 3 0 0  
0 0 0 2 5 4 0 0  
0 0 0 2 5 5 0 0  
0 0 0 2 5 6 0 0  
0 0 0 2 5 7 0 0  
0 0 0 2 5 8 0 0  
0 0 0 2 5 9 0 0  
0 0 0 2 6 0 0 0  
0 0 0 2 6 1 0 0  
0 0 0 2 6 2 0 0  
0 0 0 2 6 3 0 0  
0 0 0 2 6 4 0 0  
OC0 2 6 5 0 0  
0G0 266 0G 
0 0 0 2 6 7  CO 
0 0 0 2 6 8 0 0  
0 0 0 2 6 9 0 0  
0 00  27 COO 
0 0 0 2 7 1 0 0  
0 0 0 2 7 2 0 0  
C 0 0 2 7 3 0 0  
0 0 0 2 7 4 0 0  
0 0 0 2 7 5 0 0



249

QUEUE PROCESSING TECHNIQUES WORK PROJECT PAGE

LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

302  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
3 0 3  *
3 0 4  *  THE PRECEEDING QUEUES WERE ORDERED ON THE BASIS  OF ARRI VAL
3 0 5  *  T I ME OF THE REQUEST* BUT NO ONE CONSIDERED THAT ONE REQUEST
3 0 6  *  MIGHT BE MORE URGENT THAN ANOTHER.  SO,  THE NEXT QUEUE TO
3 0 7  *  BE CONSIDERED TAKES THE URGENCY OF THE REQUEST INTO
3 0 8  *  C ONS IDERA TI ON,  AND I T  IS  CALLED A ’' P R I O R I T Y "  QUEUE.  EACH
3 0 9  *  ELEMENT CONTAINS SOME F I E L D WHICH GIVES THE P R IO R I T Y  OF
3 1 0  *  THE PARTICULAR REQUEST.  THE ELEMENT I S  THEN ADDED TO THE
311 *  QUEUE IN THE P O SI T I ON  THAT I T  DESERVES (BASED ON THE
312  *  P R I O R I T Y  NUMBER THAT I T  HAD BEEN A S S I G N E D ) .
3 13  *
3 1 4  *  HIGHER P R I O R I T Y  ELEMENTS BEI NG ADDED NEAR THE TOP OF THE
3 1 5  *  QUEUE.  AND THE LOWER P R I O R I T Y  ONES BEING ADDED NEARER TO
3 1 6  *  THE BOTTOM END OF THE QUEUE.
3 1 7  *
318 * * * * * * * * * * * * * £ * * * * * * * # * * * # * * * * * * * * * ; * : { £ * # * * # * * # * * « * * * * * * * * * * * : ( £ # * # * * * * # * # *

L

0 0 0 2 7 7 0 0
0 0 0 2 7 8 0 0
0 0 0 2 7 9 0 0
0 0 0 2 8 0 0 0
0 0 0 2 8 1 0 0
0 0 0 2 8 2 0 0
0 0 0 2 8 3 0 0
0 0 0 2 8 4 0 0
0 0 0 2 8 5 0 0
0 0 0 2 8 6 0 0
0 0 0 2 8 7 0 0
0 0 0 2 8 8 0 0
0 0 0 2 8 9 0 0
0 0 0 2 9 0 0 0
0 0 0 2 9 1 0 0
0 0 0 2 9 2 0 0
0 0 0 2 9 3 0 0

9/17/70
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QUEUE PROCESSING TECHNIQUES WORK PROJECT.

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR7C

3 2 0
321
322
3 2 3
3 2 4
3 2 5
3 2 6
32 7
328
3 2 9
330
331
332
333
3 3 4
3 35
3 3 6
3 3 7
338
3 3 9
3 4 0
341
342
34 3
3 4 4
34 5
3 4 6
3 4 7
3 4 8
3 4 9
35 0
35 1
352
3 5 3  
3 54
355
3 5 6
3 5 7
3 5 8
35 9
3 6 0
361
362 
3 63 
3 64
36 5
3 6 6
367
36 8  
3 69 
3 7 0

* * * * * * * * * * * * * * * * * * * * *  D IR E CT I ON S  TO THE STUDENT.  * * * * * * * * * * * * * * * * * * * * * *
********************* — ------- — ------------------------------ **********************

JÉ####*# *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * *
*
*  ON THE PAGES THAT FOLLOW, THERE ARE SAMPLES OF THE CODE
*  WHICH MAY BE USED TO PROCESS SEVERAL OF THE DIFFERENT
*  KINDS OF QUEUES THAT WE HAVE JUST DESCRIBED.
*
*  F I R S T ,  SCAN OVER TH£ DESCRIPTION OF THE QUEUE THAT THE
*  CODE IS PROCESSING,  AND BE CERTAIN THAT YOU UNDERSTAND
*  WHAT THE QUEUE SHOULD LOOK L I K E .
*  THEN,  LOOK AT THE F I R S T  OF THE THREE DUMPS THAT FOLLOW
*  THE CODING SAMPLE.  T H I S  DUMP SHOWS THE QUEUE AS I T  WILL
*  LOOK AFTER ' B L 0 C K 1 '  AND 1 BLOCK2 * HAVE BEEN ADDED.  USING
*  THE CODE AND THE DATA I N T H I S  F I RS T  DUMP f DRAW A PICTURE
* OF THE QUEUE AS I T  LOOKS NOW. USE THE WORK PAGE SUPPLIED
*  (NEATNESS DOESN' T  NECESSARILY COUNT) .
*
*  THE NEXT THING THAT WI LL  HAPPEN TO THE QUEUE IS T H I S :
*  THE ADDRESS OF ' B L 0 C K 3 '  WILL BE PASSED TO THE ENQUEUE
*  ROUTINE IN REGISTER 1 .  IN THE SPACE PROVIDED ON THE
*  WORKSHEET, DRAW THE QUEUE AS I T  WI LL  LOOK WHEN * B L 0 C K 3 '
*  HAS BEEN SUCCESSFULLY ENQUEUED. YOU MAY USE I N T U I T I O N
*  OR THE CODE TO FIGURE OUT WHAT I T  WILL  LOOK L I K E ,  BUT
*  BE CORRECT............OR E L S E ...............
*  NOW, CHECK YOUR DIAGRAM AGAINST THE DATA IN THE SECOND
*  DUMP, WHICH HAS ' B L 0 C K 3 ' ENQUEUED. I F  YOUR DIAGRAM DOESN' T
*  MATCH, YOU MAY:
*  A .  GO BACK OVER THE CODE AND F I ND OUT WHERE YOU WENT ASTRAY.
*  B.  W A I L ,  GNASH YOUR TEETH,  AND SHOUT FOR YOUR INSTRUCTOR,
*  WHO WI LL  LEAD YOU BACK TO THE STRAIGHT P AT H-------
*
*  L A S TL Y ,  THE DEQUEUE ROUTINE WILL  BE L I NK ED  TO,  AND AN
*  ELEMENT WILL BE REMOVED FROM THE QUEUE,  I N  ACCORDANCE
*  WITH THE QUEUE' S METHOD OF PROCESSING.  A G A I N ,  DRAW THE
*  QUEUE AS I T  SHOULD LOOK AFTER THE ELEMENT HAS BEEN
*  REMOVED.
*  AS BEFORE,  CHECK YOUR DIAGRAM AGAINST THE QUEUE THAT I S  IN
*  THE DUMP, AND THEN CHOOSE ONE FROM A .  OR B .  ABOVE,  I F
*  YOUR DIAGRAM DOESN' T MATCH.

*  AT THE END OF T H I S  T O PI C ,  YOU WILL  BE GIVEN AN HONORARY
*  "NORMAN ROCKWELL FAN CLUB"  MEMBERSHIP OR A G I F T  C E R T I F I C A T E
*  E N T I T L I N G  YOU TO A CORRESPONDENCE COURSE I N  PENMANSHIP,
*  DEPENDING ON THE A R T I S T I C  QUALITY OF YOUR DIAGRAMS.
*  MONTHLY WINNERS W I L L  P A R T I C I P AT E  I N A " D R A W - O F F " ,  TO BE
*  HELD IN  MI SS OU LA ,  MONTANA DURING THE ANNUAL I C E- S C U L P T I N G
*  F E S T I V A L .

* * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * # * * * * # ❖ * * # : ! : * # : * # : $ « * * ❖ * #  * # * * * ❖

AGE 9

9 / 1 7 / 7 C

0 0 0 2 9 5 0 0  
0 0 0 2 9 6 0 0  
0 0 0 2 9 7 0 0  
0 0 0 2 9 8 0 0  
OOC 2 9 9 0 0  
0 0 0 3 0 0 0 C  
0 0 C 3 0 1 0 0  
0 0 0 3 0 2 0 0  
0 0 0 3 0 3 0 0  
C 0 0 3 0 4 0 0  
C 00 3 U5 00  
0 0 0 3 0 6 Ü 0  
0 0 0 3 0 7 0 0  
0 0 0 3 0 8 0 0  
0 0 0 3 0 9 0 0  
0 0 0 3 1 COO 
0 0 0 3 1 1 0 0  
0 0 0 3 1 2 0 C 
0 0 0 3 1 3 0 0  
0 0 0 3 1 4 0 0  
0 0 0 3 1 5 0 0  
0 0 0 3 1 6 0 0  
0 0 0 3 1 7 0 0  
0 0 0 3 1 8 0 G  
0 0 0 3 1 9 0 0  
0 0 0 3 2 COO 
0 0 0 3 2 1 0 0  
0 0 0 3 2 2 0 0  
0 0 0 3 2 3 0 0  
0 0 0 3 2 4 0 0  
0 0 0 3 2 5 0 0  
0 0 0 3 2 6 0 0  
0 0 0 3 2 7 0 0  
0 0 0 3 2 8 0 0  
0 0 0 3 2 9 0 0  
0 0 0 3 3 0 0 0  
0 0 0 3 3 1 0 0  
0 0 0 3 3 2 0 0  
0 0 0 3 3 3 0 0  
G 00 33  400  
0 0 0 3 3 5 0 0  
0 0 0 3 3 6 0 0  
0 0 0 3 3 7 0 0  
0 0 0 3 3 8 0 0  
0 0 0 3 3 9 0 0  
0 0 0 3 4 0 0 0  
0 0 0 3 4 1 0 0  
0 0 0 3 4 2 0 0  
0 0 0 3 4 3 0 0  
0 0 0 3 4 4 0 0  
0 0 0 3 4 5 0 0



F I FO ENQ 1

*  *  *  *  AI  *  «« «« « « « «
*  START F I FO *
*  ENQUEUE *  -
*  ROUTINE.  ** * * * * * * * * * * * * * *

* * * * * A2 * * * * * * * * * *
* *
*  GET ADDRESS OF *

> *  THE HEAD *
*  POI NTE R.  *
* *
*****************

FENQ2 V
* * * * * B 2  * * * * * * * * * *  
*  *
«GET ADDRESS OF *

+— >* THE NEXT BLOCK *
*  IN QUEUE *
* * 
*****************

V

u  c. ^  •

NO . « I S  T H I S  T H E * .
+ —  * .  LAST I N  THE • *  

« .  QUEUE ? .«
* . . *

* .  . *
■ *  YES

V
* * * * * D 2 * * * * * * * * * *
« ADD THE NEW *
* BLOCK TO THE *
* END OF THE *
* QUEUE # *
* «
*****************

V
* * * * e 2 * * * * * * * * *

$C jjc
*  RETURN *
* *

* * * * * * * * * * * * * * *

CHART F I F O  
PAGE OOI OF 0 0 1

F I F 0D E Q2
* * * * A 5 * * * * * * * * *

*  START F I F O  *  
«DEQUEUE R OUTI NE*
* * 

* * * * * * * * * * * * * * *

V*****B5**********

«GET ADDRESS OF « 
« F I R S T  BLOCK ON *
*  QUEUE.  «
* * 
*****************

V
. « .

C 5 « . ^

YES . « '  I S  THE " #« .  
+ —  «.QUEUE EMPTY ? . *  

« . . «
« .  . «

« • . «
« NO

V* * * * * D 5 * * * * * * * * * *

« DEQUEUE THE « 
« F I R S T  BLOCK « 
«FROM THE QUEUE.« 
*  *  
* * * * * * * *  * * * * * * * * *

+ -------------- -------------------->

V****B5*********
« RETURN TO « 
« CALLER «
* * 

*  * * * * * * * * * * * * * *
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FIFO QUEUE, SINGLE HEADED, SINGLE THREADED PAGE II

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8A PR 70

38 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * $ # # # * * * * * * * * * * * * * * * * * * * * * * # : } : # # * *
38 8  *
3 8 9  *  THESE ROUTINES PROCESS A S I N G L E - H E AÜED, S IN GLE —THREADED,
3 9 0  *  F I RS T—I N — F IR ST—OUT QUEUE.
391 *

3 9 4  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  JSC** #* * * *#  * * * * * * *
39 5  *
3 9 6  *  ENQUEUE SUBROUTINE.
3 9 7  *
39 8  *  ON ENTRY,  REGISTER 1 CONTAINS THE ADDRESS OF THE ELEMENT TO
3 9 9  *  BE ENQUEUED.
4 0 0  *
4 01 * * * # * * * * * * * * * # * * * * # * * * # * * # * * * * : # * * # * * * * * * * * # * # ❖ £ * * # * # * # * * # * * # * * * * * # * * * * #

c o o o o o 403 USING QELEME N T , R1
00 013C 4 1 2 0 C15E 0 0 1 6 4 4 0 4 F I FÜENQ1 LA R 2 , F I F 0 1 H 1 T - D I S P L F W D  FAKE THE ADDR. OF A BLOCK P OI NT I NG
0 0 0 1 4 0 1832 4 0 5 FENQ2 LR R 3 , R 2 TÜ THE F I R S T  ON THE QUEUE.
0 0 0 1 4 2 5 822 0 0 0 4 0 0 0 0 4 4 06 L R 2 , D I S P L F W D ( R 2 ) GET THE ADDRESS OF THE NEXT.
0 0 0 1 4 6 1222 4 0 7 LTR R2 ,R 2 I S  T H I S  THE LAST IN THE QUEUE ?
0 0 0 1 4 8 4 7 7 0 C13A 0 0 1 4 0 4 0 8 BNZ FENQ2 NO, SEARCH SOME MORE.
0 0014C D203 1 0 0 4  3 0 0 4 0 0 0 0 4  0 0 0 0 4 4 0 9 MVC L I N K F W RD , D IS PL F WD ( R3 J  Y ES,  ENQUEUE THE NEW ONE.
0 0 0 1 5 2 5013 0 0 0 4 0 0 0 0 4 41 0 ST R 1 , D I S P L F W D ( R 3 )
0 0 0 1 5 6 07FE 411 BR R 14 RETURN. f

4 1 3  # #  # # #  j|«* ^  # >Jc*  jJs :{c * * # # # # # # # * * # # # * # * $  # # # » # # # * # # *  $ * *

4 1 4  *
4 1 5  *  DEQUEUE SUBROUTINE.
4 1 6  *
4 1 7  *  ON RETURN,  REGISTER 1 WILL CONTAIN THE ADDRESS OF THE
4 1 8  *  DEQUEUED ELEMENT.  IF THE QUEUE WAS EMPTY,  0 ' S  WILL  BE
41 9  *  RETURNED IN REGISTER 1 .
4 2 0  *
4 2 1  # * * # # * * * # # * # * # * # * # # ❖ # # # * * $ * # # * * # ❖ # : £ # * * ❖ * * # # * * # # # * £ # # # # ❖ * * # # * * *

0 0 0 1 5 8 58 10 C16 2 0 0 1 6 8 42 3 F I F 0 D E Q 1 L R i t F I F 0 1 H 1 T F I R ST  ELEMENT UN QUEUE.
00 015C 1211 4 2 4 LTR R 1,  R 1 WAS THE QUEUE EMPTY ?
0 0 01 5 E 078E 4 2 5 BCR 8 , R 1 4 YES,  RETURN.
0 0 0 1 6 0 D203 C 16 2 10 0 4  0 G168 0 0 0 0 4 4 2 6 MVC F I F G 1 H 1 T  t L I NKFWRD NO, DEQUEUE THE F I RST ELEMENT
0 0 0 1 6 6 07FE 4 2 7 BR R 1 4 AND RETURN.

0 0 0 1 6 8 0 0 0 0 0 0 0 0 42 9 F I F 0 1 H 1 T DC T
t

o HEAD FOR SINGLE HEADED F I F O  QUEUE

9 / 1 7 / 7 0

0 0 0 3 6 2 0 0
0 0 0 3 6 3 0 0
0 0 0 3 6 4 0 0
0 0 0 3 6 5 0 0
0 0 0 3 6 6 0 0
0 0 0 3 6 7 0 0

0 0 0 3 6 9 0 0  
0 0 0 3 7  COO 
0 0 0 3 7 1 0 0  
0 0 0 3 7 2 0 0  
0 0 0 3 7 3 0 0  
0 0 0 3 7 4 0 0  
0 0 0 3 7 5 0 0  
0 0 0 3 7 6 0 0

0 0 0 3 7 8 0 0  
0 0 0 3 7 9 0 0  
0 0 0 3 8 0 0 0  
0 0 0 3 8 1 0 0  
COO 3 8 2 0 0  
0 0 0 3 8 3 0 0  
0 0 0 3 8 4 0 0 .  
0 0 0 3 8 5 0 0  
0 0 0 3 8 6 0 0

0 0 0 3 8 8 0 0  
0 0 0 3 8 9 0 0  
C 0 0 3 9C 00  
0 0 0 3 9 1 0 0  
O CG3920C 
0 0 0 3 9 3 0 0  
0 0 0 3 9 4 0 0  
CO 039  500 
0 0 0 3 9 6 0 0

0 C 0 3 98 0 C
C 0 0 3 9 9 0 0
0 0 0 4 0 0 0 0
0 0 0 4 0 1 0 0
0 0 0 4 0 2 0 0

0 0 0 4 0 4 0 0
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FIFO QUEUE, SINGLE HEADED, SINGLE THREADED PAGE 12

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

43 1
4 3 2
43 3
4 3 4
4 3 5
4 3 6
4 3 7
4 3 8
4 3 9
4 4 0
4 4 1
44 2
4 4 3
4 4 4
4 4 5
4 4 6
4 4 7
4 4 8
4 4 9
4 5 0
4 5 1
4 52
453
4 5 4
4 5 5
4 5 6
4 5 7
4 5 8
4 5 9
4 6 0
46 1
4 6 2
463
4 6 4
4 6 5
4 6 6
4 6 7
4 6 8
4 6 9
4 7 0
4 7 1
4 7 2
47 3
4 7 4
4 7 5
4 7 6
4 7 7
4 7 8

3ft *  ❖  *  ❖  *  #  *  #  *  #  $  *  *  *  #  ❖  #  3$C 3{S #  #  5{C #  #  3ft #  3je jjC #  #  #  $  #  *  :{« #  Jjt #  #  #  #  #  #  3«ï ijc #  #  #  SjC *  #  #  #  #  ^  #  #  3{C #  #  3{S #  #  #  #  #  #  #  *

3ft
*  WORKSHEET FOR THE SINGLE HEADED,  S INGLE THREADED F I F O  QUEUE.
*
*  AFTER 1 B L 0 C K 1 ' AND ' B L 0 C K 2 '  HAVE BEEN ADDED, THE QUEUE LOOKS
*  L I K E  T H I S :
=ft
*  * F I F 0 1 H 1 T 1
* +-------+
3ft | |

*  ---------------+
3ft
•ft

3ft

*
3ft

3fit

*  AFTER • BL0CK3*  IS ENQUEUED, I T  LOOKS L I K E  T H I S :
3ft
*  * F I F O 1 H I T •
3ft +

*  I I
3ft +------------------ +
3ft
3ft

3<«

3ft

3ft

3ft

3f«

3ft

*  AFTER ONE ELEMENT HAS BEEN DEQUEUED, I T  LOOKS L I K E  T H I S :
3ft

*  ' F I F O 1 H I T  *
3ft + ---------------------------------+

3ft | |

3ft 4————————— 4-
3ft

3ft

3ft

3{t

3ft
3ft
3ft

3ft

sft *  *  $  sfc sfs *  *  #  *  *  #  2{t #  # £  #  3f£ # Jft #  *  *  j{C *  3* 3ft #  5j£ #  ;{c # #  jjs jje #  #  *  # *  # * #  #  #  *  *  jfs 3{C # #  ̂  #  # £  # # *  *  #  #  # #  jjt #  *  # *  # Jjs

0 0 0 4 0 6 0 0  
0 0 C 4 0 7 0 0  
0 0 0 4 0 8 0 0  
0 0 0 4 0 9 0 0  
0 0 0 4 1 0 0 0  
0 0 0 4 1 1 0 0  
0 0 0 4 1 2 0 0  
0 0 0 4 1 3 0 0  
0 0 0 4 1 4 0 0  
0 0 0 4 1 5 0 0  
0 0 0 4 1 6 0 0  
0 0 0 4 1 7 0 0  
0 0 0 4 1 8 0 0  
0 0 0 4 1 9 0 0  
0 0 0 4 2 0 0 0  
0 0 0 4 2 1 0 0  
0 0 0 4 2 2 0 0  
0 0 0 4 2 3 0 0  
0 0 0 4 2 4 0 0  
0 0 0 4 2 5 0 0  
0 0 0 4 2 6 0 0  
0 0 0 4 2 7 0 0  
0 0 0 4 2 8 0 0  
0 0 0 4 2 9 0 0  
0 0 0 4 3 0 0 0  
0 0 0 4 3 1 0 0  
0 0 0 4 3 2 0 0  
0 0 0 4 3 3 0 0  
0 0 0 4 3 4 0 0  
0 0 0 4 3 5 0 0  
0 0 0 4 3 6 0 0  
0 0 0 4 3 7 0 0  
0 0 0 4 3 8 0 0  
0 0 0 4 3 9 0 0  
0 0 0 4 4 0 0 0  
0 0 0 4 4  IOC 
0 0 0 4 4 2 0 0  
0 0 0 4 4 3 0 0  
0 0 0 4 4 4 0 0  
0 0 0 4 4 5 0 0  
0 0 C 4 4 6 0 0  
0 0 0 4 4 7 0 0  
0 0 0 4 4 8 0 0  
O 00 4 49 0 G 
0 0 0 4 5 COO 
0 0 0 4 5 1 0 0  
0 0 0 4 5 2 0 0  
0 0 0 4 5 3 0 0



F.P REGS 00.000000 G105A5F8 00.01B668 OOOOOOOO 00,000000 00017568 00,002A3A OOOOOOOO

REGS 0 - 7  FFFFFF2E 00 0 4D 97 C  OOOOOOOO 0 0 0 4 D 9 6 8  0 0 0 1 4 E E 8  0 0 0 4 D 9 4 4  0 0 0 0 0 0 0 8  0 0 0 4 D 9 5 B
REGS 8 - 1 5  C 0 0 0 0 0 0 4  0 0 0 4 D 9 6 7  0 0 0 4 D 9 6 0  OOOOOOOO 6 F 0 4 D 8 6 E  0 0 0 4D 8F C  4 F 0 4D 8B 8  0 0 0 4 D 9 A 4

c o o o o o OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO 0 0 0 4 D 8 6 8 OOOOOOOO F F 0 6 0 0 0 0 8 0 0 0 0 0 0 0 *  . , *
000020 FF A 500 01 4 0 0 7 E 8 8 4 F F D 5 00 0 1 4 F 04D 8B E OOOOFFOO OOOOOOOO F E 0 4 0 2 3 5 8 0 0 0 0 A 0 6 * *
0 00 04  C OOOCOOGG 0 4 0 0 0 0 0 0 0 0 0 0 1 4 6 8 0 0 0 0 5 9 2 0 02 C040A4 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 0 0 7 4 9 8 *  • . . *
0 0 0 0 6 0 0 0 0 4 0 0 0 0 0 0 007B C8 0 0 0 4 0 0 0 0 0 0 0 0 7 5 8 8 OOOOOOOO 0 0 0 1 2 D 1 0 0 0 0 4 0 0 0 0 0 0 0 0 7 5  I A *  •

04D86 0 OOOOOOOO OOOOOOOO 90  ECDOOC 0 5 C 0 4 1 F 0 C08E50FD 0 0 0 8 5 0 D F 0 0 0 4 1 8 D F D 7 0 3 D 0 0 8 * . *
0 4 D 8 8 0 0 0 0 8 5 8 F 0 C1EAD201 F 0 0 0C 0 2 2 4 7 F 0 C 0 2 4 0 7 F E 4 1 50 C 0 D 6 4 1 6 0 0 0 0 8 4 1 7 0 C0ED418 0 ♦, • . *
04 D8 A 0 0 0 0 4 4 1 9 0 C0 F 94 1A 0 C0EE41B0 0 0 0  2 581 A 0 0 0 C 5 8 F 5 0 0 0 0 0 5 E F 46 BC C05 0 0 0 0 0 8 7 A 8 *  , . . *
04D8C0 C040CGG1 1 B 11 58F 5 0 0 0 4 0 5 E F 1 2 1 1 4 7 2 0 C 0 6 A0 0 02 47 F 0C 06 C 0 0 03D 7C 7 COFECOFE *  .
04D8E0 D 70 7 C1 12 C112D7C7 C 1 2 6 C 1 2 6 8 7 5 6 C 0 3 8 5 8 DD 0 00 4 98  ECDOOC 0 7 F E 4 3 0 0 4 0 7 5 D 5 0 5 *P . A
0 4D9 00 0 0 0 5 9 F 6 8 OOOOOOOO 4 7 F 0 9 6 C 0 4 1 7 0 0 0 0 5 4 9 0 0 9 8 C A 4 7 7 0 9 6 5 2 4 7 F 0 9 6 C 0 1 5 3 7 4 7 8 0 *  •
0 4 D 9 2 0 9 6 7 A 9 5F F 6 0 0 2 4 7 7 0 9 8 7C D505 6 0 1 C 8 0 0 0 4 7 8 0 9 6 2 0 4 1 3 0 3 0 0 1 4 1 8 0 8 0 0 6 4 B 0 0 9 8 E A ♦ .
0 4 D 9 4 0 4 7F 0 9 6 4 6 QÜ04D9A4 0 0 0 4 0 9 C 0 0 0 0 4 D 9 D 4 0 0 0 4 D 9 E A 00 04DA0C 0 0 0 4 D A 3 4 0 0 0 4 D 9 6  8 0 . R . *
0 4 D9 6 0 0 0 0 4D 9 7 C G0C4D990 0 9 0 0 0 0 0 0 0 0 0 4 D 9 7  C OOOOOOOO OOOOOOOO OOOOOOOO 01000000
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L I F 0 E N Q 2

*  ❖ *  *  A 1 « *  *  « *  * *  *  *
*  START L I F O  *  
«ENQUEUE RO UT IN E«* * 

***************

V***** * * * * * * * * * *

«ENQUEUE THE NEW5*'
*  BLOCK AT THE «
*  TOP OF QUEUE *
* * 
*****************

V

jje jjj

YES . « *  WAS THE ' « .
+—  «.QUEUE EMPTY ? . «

* .  . «
* .  . «

« .  . *
*  MO

V***** * * * * * * * * * *  
*  *  
«PUT BACK CHAIN *
*  PTR• IN *  
«PREVIOUS BLOCK . *
*  *  * * * ** ** * ** * * * * * * *

>

V**** E], *********
# *
*  RETURN *
* * 

***************

LIFODEQ2
* * * * A 3  *********

« START L I F  O *
«DEQUEUE ROU TI NE *  —  
« * ***************

#

CHART L I F O  
PAGE OOI OF OOI

. * .
A4 * .

* *
. * - IS THE ' * .  YES 

> * . QUEUE EMPTY ? . *  — + 
* .  . *

* .  . *
* .  . *

*  NO

V* * * * * g 4 * * * * * * * * * *  
*  *
*  REPLACE HEAD *
*  POINTER WITH *  
«FORWARD P OI NTE R** * 
* * * * * * * * * * * * * * * * *

V
. *  .

C 4 * .
. *  WAS * .

NO . *  T H I S  THE * .
+—  « . O NL Y  BLOCK I N . *  

* .  Q ? . *
* .  . *

I * .  . *
*  YES

V* * * * * 04* * * * * * * * * *
*  ZERO OUT *
*  BACKWARD *
«POINTER IN NEW *
*  F I R S T .  *
* * 
*****************

<

V* * * * { = 4 *  * * * * * * * *
« RETURN,  R 1 - >  « 
«DEQUEUED B LO C K. «
* *

***************
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LIFO QUEUE, SINGLE HEADED, DOUBLE THREADED PAGE 14

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

494 ***********************************************************************
4 9 5  *
4 9 6  *  THESE ROUTINES PROCESS A SINGLE HEADED,  DOUBLE THREADED,
4 9 7  *  L A S T - I N - F I R S T - O U T  QUEUE.
4 9 8  *
499 ***********************************************************************

0 0 0 4 6 9 0 0
0 0 0 4 7 0 0 0
0 0 0 4 7 1 0 0
0 0 0 4 7 2 0 0
0 0 0 4 7 3 0 0
0 0 0 4 7 4 0 0

501 s * # * * # * * * * * * * * * * # * * * * * * * * * : * * * # * * * * * # * * # * * * * * * * * * * * # # # * # £ * * * * * * * * * # * * * # :
5 0 2  *
503 *  ENQUEUE SUBROUTINE.
50 4  =5=
505  *  ON ENTRY,  REGISTER 1 CONTAINS THE ADDRESS OF THE ELEMENT TO
5 06  *  BE ADDED TO THE QUEUE.
50 7  *
5 0 8  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * :

0 0 0 4 7 6 0 0
0 0 0 4 7 7 0 0
0 0 0 4 7 8 0 0
0 C 0 4 7 9 0 0
0 0 0 4 8 0 0 0
C 00 4 81 0 G
0 0 0 4 8 2 0 0
0 0 0 4 8 3 0 0

0 0 0 1 6 C 5 8 2 0 C19 A C01 AC 5 1 0 L I FHENQ2 L R 2 , L I F 0 1 H 2 T ADDRESS OF F I RS T  ON QUEUE. 0 0 C 4 8 5 0 0
0 0 0 1 7  C 50 1 0 C 19 A 0 0 1 A 0 511 ST R.l , L I F 0 1 H 2 T ADD NEW AT TOP. 0 0 0 4 8 6 0 0
0 0 0 1 7 4 1222 512 LTR R2 ,R2 WAS THE QUEUE EMPTY ? 0 0 0 4 8 7 0 0
0 0 0 1 7 6 07 8 E 513 BCR 8 , R 1 4 YES,  RETURN. 0 0 0 4 8 8 0 0
0 0 0 1 7 8 5 0 2 0 1 004 0 0 0 0 4 5 1 4 ST R2 , LINKFWRD NO, ENQUEUE THE NEW ONE. 0 0 0 4 8 9 0 0
0 0 0 17 C 5012 0 0 0 8 0 0 0 0 8 51 5 ST R 1 , D I S P L B W D ( R 2 ) 00 049 COO
0 0 0 1 8 0 07F F 516 BR R 14 0 0 0 4 9 1 0 0

518 * * * * * * * * * * * * * * * * * * * * * * * * * *  0 C 0 4 9 3 0 0
51 9 * 0 0 0 4 9 4 0 0
5 2 0 * DEQUEUE SUBROUTINE. 0 0 0 4 9 5 0 0
521 * 0 0 0 4 9 6 0 0
522 * ON RETURN, REGISTER 1 WILL CONTAIN THE ADDRESS OF THE 0 0 0 4 9 7 0 0
523 * DEQUEUED ELEMENT,  OR 0 ' S ,  I F  THE QUEUE WAS EMPTY. 0 0 0 4 9 8 0 0
524 * 0 0 0 4 9 9 0 0
5 2 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  0 0 0 5 0 0 0 0

0 0 0 1 8 2 5 8 10 C 19 A 0 0 1 A 0 527 L IF 0 D E Q 2 L R 1 , L I F 0 1 H 2 T  ADDRESS OF F I RS T UN QUEUE . 0 0 0 5 0 2 0 0
0 C 0 18 6 1 2 1 1 528 LTR R1 , R 1 I S  THE QUEUE EMPTY ? 0 0 0 5 0 3 0 0
0 0 0 1 8 8 078E 5 2 9 BCR 8 , p 14 YES,  RETURN. 0 0 0 5 0 4 0 0
C 0 0 1 8 A 5 8 2 0 1 0 0 4 0 0 0 0 4 530 L R 2 , LINKFWRD NO, GET ADDRESS OF NEXT. 0 0 0 5 0 5 0 0
0 0 01 8 E 5 02 0 C 19 A 001 AO 531 ST R 2 , L I F 0 1 H 2 T  AND MAKE I T  F I R S T . 0 0 0 5 0 6 0 0
0 0 0 1 9 2 1222 532 LTR R 2 , R 2 WAS I T  THE LAST ? 0 0 0 5 0 7 0 0
0 0 0 1 9 4 078 E 533 BCR 8 , R 1 4 NO, RETURN. 0 0 0 5 0 8 0 0
0 0 0 1 9 6 D7 03 2 GG8 2 0 0 8 0 0 00 8  0 0 0 0 8 534 XC D I S P L B W D ( 4 , R 2 ) , D I S P L B W D ( R 2 ) 0 00509UG
00 019C 07FE 535 BR R14 YES,  ZERO BACKWARD PTR AND RETURN. 0 0 0 5 1 0 0 C

0 0 0 1 9 E  
0 0 0 1A 0

0000
00000000 53 7  L I F 0 1 H 2 T  DC F ' 0 1 0 0 0 5 1 2 0 0
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LOC

L I F O  QUEUE, SINGLE HEADED, DOUBLE THREADED PAGE

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A PR 7 0  9 / 1 7 / 7 0

539  * * # * * * * * * * * * * * # * # * * * * * * * * # # * * * * * # # * * # # $ * * * * * : * * * : { ! * * # * * * * # # # * : { £ # ; ( £ #  0 0 0 5 1 4 0 0
5 4 0  *  0 0 0 5 1 5 0 0
541 *  WORKSHEET FOR THE SINGLE HEADED,  DOUBLE THREADED,  L I F O  QUEUE.  0 0 0 5 1 6 0 0
54 2  *  0 0 0 5 1 7 0 0
5 4 3  *  AFTER 1 B L 0 C K 1 ■ AND ' B L 0 C K 2 '  HAVE BEEN ENQUEUED, THE QUEUE 0 0 0 5 1 8 0 0
5 4 4  *  LOOKS L I K E  T H I S :  0 0 0 5 1 9 0 0
54 5  *  0 0 0 5 2 0 G 0
54 6  *  ■L I F 0 1 H 2 T '  0 0 0 5 2 1 0 0
5 4 7  *  +--------------------+ 0 0 0 5 2 2 0 0
54 8  *  | | 0 0 0 5 2 3 0 0
54 9  *  +-------------------- + 0 0 0 5 2 4 0 0
5 5 0  *  0 0 0 5 2 5 0 0
551  *  0 0 0 5 2 6 0 0
5 52  *  0 0 0 5 2 7 0 0
55 3  *  0 0 0 5 2 8 0 0
554 *  0 0 0 5 2 9 0 0
55 5  *  0 0 0 5 3 0 0 0
55 6  *  0 0 0 5 3 1 0 0
5 5 7  *  AFTER • BLÜCK3 ' HAS BEEN ENQUEUED, THE QUEUE LOOKS L I K E  T H I S :  0 0 0 5 3 2 0 0
5 5 8  *  0 0 0 5 3 3 0 0
5 5 9  *  * L I F O 1 H 2 T 1 0 0 0 5 3 4 0 0
5 6 0  *  4--------------------- + 0 0 0 5 3 5 0 0
561 *  | | 0 0 0 5 3 6 0 0
5 6 2  *  +-------------------- + 0 0 0 5 3 7 0 0
563 *  0 0 0 5 3 8 0 0
5 6 4  *  0 0 0 5 3 9 0 0
5 6 5  *  0 0 0 5 4 0 0 0
5 6 6  *  0 0 0 5 4 1 0 0
5 6 7  *  0 0 0 5 4 2 0 0
5 6 8  *  0 0 0 5 4 3 0 0
5 6 9  *  0 0 0 5 4 4 0 0
5 7 0  *  0 0 0 5 4 5 0 0
571  *  AFTER AN ELEMENT HAS BEEN DEQUEUED, THE QUEUE LOOKS L I K E  T H I S :  0 0 0 5 4 6 0 0
5 7 2  *  0 0 0 5 4 7 0 0
573  *  ' L I F 0 1 H 2 T '  0 0 0 5 4 8 0 0
57 4  *  +--------------------------------------------------------------------------------------------------------------------------------------------------0 0 0 5 4 9 0 0
57 5  *  | | 0 0 0 5 5 C 0 0
5 7 6  *  +---------------------+ 0 0 0 5 5 1 0 0
5 7 7  *  0 0 0 5 5 2 0 0
578  *  0 0 0 5 5 3 0 0
5 7 9  * 0 0 0 5 5 4 0 0
5 8 0  *  0 0 0 5 5 5 0 0
581 *  0 0 0 5 5 6 0 0
5 8 2  *  0 0 0 5 5 7 0 0
583  *  0 0 0 5 5 8 0 0
5 84  *  0 0 0 5 5 9 C 0
58 5  *  0 0 0 5 6 0 0 0
5 86 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  0 0 0 5 6 1 0 0
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04 DA40  
04 DA 6 0

00000000 
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0 0 0 4 4 1 9 0  
C 04 0 0  00 1 ' 
D7 07 C1 12  
0 0 0 5 9 F 6 8  
9 6 7 A 9 5 F F  
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0 0 0 4D 9 7 C  
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00000000 
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00000000 
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PRTY ENQ2

**** Al ********* 
♦ START PRIORITY * 
♦ ENQUEUE ROUTINE^ 
* * 

***************

PRTYLR
*****A2 ♦ ♦ ♦ *♦ ♦ ♦ ♦ *♦  
♦  GET ADORE SSES ♦  
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------- >* BLOCKS ON THE *
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I * *
I ***************** 
****

* *
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****

****
* * YES
* D2 *<---- ** *

****

.*
.*

*.
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END OF 
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*.

* . . * 
* . .*
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**** .* * ,

* * NO .* I S NEW
* A2 *<----  * .  PR IORITY  >
* * * .  TH IS  ONE .

**** * . . *
* .  .*

* YES
****

* *
* D2 *->* *

****
PRTYSTM V

*****{32 **********

* ENQUEUE THE NEW*
* BLOCK. ** *
* *
*****************

****E2********** *
* RETURN ** * 

***************

#

CHART PR IORITY  
PAGE 001 OF 001

PR TY DEQ 2

****A4********* 
♦ START PRIORITY * 
♦ DEQUEUE ROUTINE* 
* * 

***************

V
. *.

B4 *.j*C
. * ’ IS THE ’ * .  YES 

♦ .QUEUE EMPTY ? .*  — - 
*. . *

*. .*
* . . *

* NO

PRTYDQ01 V
*** * *C4********** 
* *
* DEQUEUE FIRST * 
♦ BLOCK ON QUEUE.** *

V
****C5*********

♦  RETURN, REG . 1 =
* 0 .*

* * *************** 
*****************

V
****D4*********

♦  RETURN, REG.1 ♦
♦  -> DEQUEUED *
♦  BLOCK. *

***************



PRIORITY QUEUE, DOUBLE HEADED, DOUBLE THREADED PAGE 17

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08 APR 70

6 02 ***  * # #**#*## £#**##* 3js 3«c 5«s 3{C # ### # * * * * * # # * # ***#***:$:*#*:!:
603 *
604 * THESE ROUTINES PROCESS A DOUBLE HEADED, DOUBLE THREADED,
605 * PRIORITY QUEUE. THE QUEUE IS ORDERED ON THE BASIS OF A
606 * I BYTE FIELD LOCATED IN THE «PR IO R ITY ” F IELD , AS DESCRIBED
607 * BY THE DUMMY SECTION REPRESENTING THIS Q-ELEMENT.
608 *
609

611 ###****##*****#*#* #❖ #*#**********#*****❖ *£#***#>!<:**❖ # ❖ #**## *£#❖ ** ###*### 
612 *
613 * ENQUEUE SUBROUTINE
614 *
615 * ON ENTRY, REGISTER 1 ADDRESSES THE ELEMENT TO BE ADDED.
616 *

0001A4 4120 C IDE 001E4 619 PRTYENQ2 LA R2,PRTY2H2T—DISPLFWD FAKE A BLOCK POINTING TO 'H E A D ' .
0001A8 1832 620 PRTYLR LR R3,R2 ADDRS. OF NTH AND ( N - l ) T H  ON Q.
0 0 0 1 AA 5822 0004 00004 621 L R2,DISPLFWD(R2)
000 1AE 1222 622 LTR R2 , R 2 IS THIS LAST ON Q ?
0001 BO 4740 C1B8 001BE 623 BM PRTYSTM YES, STORE THE POINTERS.
000 IB 4 D500 1000  2000 00000  00000 624 CLC PRTY, 0 ( R2 ) NO, TEST FOR PR IORITY  SEQUENCE.
0001BA 4740 C1A2 001A8 625 BL PRTYLR NOT THE RIGHT SPOT, SEARCH.
0001B E 9023 1004 00004 626 PRTYSTM STM R2,R3,LINKFWRD ENQUEUE THIS ONE.
0001C2 5013 0004 00004 627 ST R1,DISPLFWD(R3) BETWEEN THE RIGHT
00 0 1C6 5012 0008 00008 628 ST R1 , D l S PLBWDIR2) TWO ELEMENTS.
0001CA 07FE 629 BR R1 4 RETURN.

631
632 *
633 * DEQUEUE SUBROUTINE.
634 ❖
635 * REGISTER 1 WILL CONTAIN AN ADDRESS OF DEQUEUED ELEMENT OR
636 * ZEROS ON RETURN.
637 *
638

0001CC 5810 C1E2 001 E 8 640 PRTYDEQ2 L R1 , PRT Y2 H2T ADDR. OF TOP OF QUEUE.
0 00 IDO 1211 641 LTR R1 ,R1 IS QUEUE EMPTY ?
0001D2 47 BO C1D4 00 ID A 642 BNM PRTYDQ01 NO, CONTINUE.
000 ID 6 IB 11 643 SR R 1, R1 YES, SET R 1 TO ZERO.
0001D8 07 F E 644 BR R 1 4 AND RETURN.
0001DA 9823 1004 00004 645 PRTYDQ01 LM R2,P3,LINKFWRD GET ADDRESSES OF ELEMENTS TO
0001DE 5023 0004 00004 646 ST R2 , DISPLFWD!R3) EITHER SIDE OF THIS ONE.
0 0 0 1 E 2 5032 0008 00008 647 ST R3,DISPLBWD(R2) AND REMOVE THIS ONE FROM QUEUE.
0 0 0 1E 6 07FE 648 BR R14 RETURN.

0 0 0 1E 8 650 PRTY2H2T DS OF
0 00 IE 8 80 651 DC X* 80'
0 0 01E 9 0001E 4 652 DC AL3(PRTY2H2T-DISPLFWD )
0001 EC 80 653 DC X' 80'
0001ED 0001E4 654 DC AL3(PRTY2H2T—DISPLFWD )

9 /17 /7 0

00057700
00057800
00057900
00058000
00058100
00058200
00058300
00058400

00058600
00058700
00058800
00058900
00059000
00059100
00059200

00059400
00059500
00059600
00059700
00059800
00059900
00060000
00060100
00060200
00060300
00060400

00060600
00060700
00060800
00060900
00061000
00061100
00061200
00061300

00061500 
00061600 
00061700 
00061800 
00061900 
0006 2000 
00062100 
00062200 
00062300

00062500
00062600
00062700
00062800
00062900
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PRIORITY QUEUE, DOUBLE HEADED, DOUBLE THREADED PAGE 18

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

656 *********************************************************************** 00063100

657 * 00063200
658 * WORKSHEET FOR THE DOUBLE HEADED, DOUBLE THREADED PR IORITY  Q. 00063300
659 * 00063400
660 * AFTER 'B L O C K l '  AND , BL0CK2* HAVE BEEN ENQUEUED, THE QUEUE 00063500
661 * LOOKS LIKE  THIS: 00063600
662 * 00063700
663 * ' PRTY2H2T* 00063800
664 * +------------— + 00063900
665 * | | 00064000
666  * +--------------- + 00064100
667 * I I 00064200
668  * +--------------- + 00064300
669 * 00064400
670 * 00064500
671 * 00064600
672 * 00064700
673 * 00064800
674 * 00064900
675 * AFTER 'BLC1CK3' HAS BEEN ENQUEUED, THE QUEUE LOOKS LIKE THIS: 00065000
676 * 00065100
677 * * PRTY2H2T' 00065200
678 * +— ---------- + 00065300
679 * | | 00065400
680 * +--------------- + 00065500
681 * | | 00065600
682 * +--------   + 00065700
683 * 00065800
684 * 00065900
685 * 00066000
686 * 00066100
687 * 00066200
688  * 00066300
689 * AFTER AN ELEMENT HAS BEEN DEUEUED, THE QUEUE LOOKS LIKE THIS: 00066400
690 * 00066500
691 * •PRTY2H2T' 00066600
692 * +--------------- + 00066700
693 * I I  00066800
694 * +---------------+ 00066900
6 9 5 *  | | 00067000
6 96 * >-f- 00067100
697 * 00067200
698 * 00067300
699 * 00067400
700 * 00067500
701 * 00067600
702 * 00067700
7 03 >}t >!c ❖  sic **************************************** ******* 00067 800
704 END 00067900
705C001F0 00000000 =V( PCHKRETN)
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000060 0004C000 00007BC8 00040000 00007588 OOOOOOOO 00012D10 00040000 0000751A * ........... *

04D860 QCGwGOOG OOOOOOOO 90ECD00C 05C041F0 C08E50FO 0008 50 DF 000418DF D703D00 8 * ...........
04D880 D00858F0 C1EAD201 F000C022 47F0C024 07FE4150 C0D64160 00084170 C0ED4180 * . .  .OA. , *
04D8A0 00044190 C0F941A0 C0EE41B0 0002581A 000058F5 000005EF 46B0C050 000087A 8 * .........9
04D8C0 C 0400001 1B1158F5 000405EF 12114720 C06A0002 47F0C06C 0003 D7 07 COFECOFE * ........... , *
04D8E0 D7G7C112 C112D707 C126C126 8756C038 5 8DD0004 98ECD00C 07FE4300 4075D505 * P .A .A . *
04D900 00059F68 OOOOOOOO 47F096C0 41700005 490098CA 47709652 47F096C0 15374780 * ........... , *
040920 967A95FF 60024770 987CD505 601C8000 47809620 41303001 41808006 4B0098EA * ........... , *
04D940 4 7F 09646 0004D9A4 0004D9C0 0004D9D4 0004D9EA C004DA0C 0004DA34 0004D968 * . 0 . . . . R .*
04D960 0004D97C 0004D990 09000000 0004D990 0004DA4C OOOOOOOO OOOOOOOO 0 1 000000 * . . R . . . .*
04D980 8004DA4C 0004D99C OOOOOOOO OOOOOOOO 06000000 0004D97C 0004DA4C OOOOOOOO . *
04D9A0 OOOOOOOO 4120C15E 18325822 00041222 4770C13A D2031004 30045013 000407FE * ........... , *
04D9C0 58ICC 162 1211078E D203C162 100407FE 0004D97C 5820 C19A 5010C19A 1222078 E *. .A .  . . .*
04D9E 0 5C201GG4 50120008 07FE5810 C 19 A1211 C78E5820 10045020 C19A1222 078 E07 03 * ...........
04DA00 20082008 G7FE0000 0004D97C 412QC1DE 18325822 00041222 4740C1B8 D50C1000 * ...........

04DA2C 20004740 C1A29023 10045013 00045012 000807 FE 5810C1E2 121147B0 C1D41B11 « . . .  A. . AM . • «
04DA40 07FE9823 10045023 00045032 000807F E 0004D990 0004D97C 0004DD1E 00084111 * ........... *

04DA6C 90ECD0GC 05C0G4F0 07004110 C 0100  511 0 F04DB04 7FFF0A0E 58B00010 9 1 10B074 * ........... , *

04E020 4A009BDE 40050000 47F095C 6 4 86 09BEE 8 A600001 477 0969 E 48609C26 41660001 * ........... *
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RELOCATION DICTIONARY PAGE 1

POS.ID R E L . ID FLAGS ADDRESS

01 01 OC OOOODC
01 01 OC OOOOEO
01 01 OC 0000E4
01 01 OC OOOOE8
01 01 OC 0000 EC
01 01 OC OOOOFO
01 01 OC 0000F4
01 01 OC 0000F8
01 01 OC OOOOFC
01 01 08 0001E9
01 01 08 0001 ED
Cl 02 1C 0001F0

9 /17 /7 0
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CROSS-REFERENCE

SYMBOL LEN VALUE DEFN REFERENCES

BEGIN 00004 00002A 00056 0031
BLOCK 1 00001 000100 00092 0060 0078 0078 0091
BL0CK2 00001 000114 00095 0079 0079 0091
BLOCK3 00001 000128 00098 0080 0080 0091
BR14 00002 000028 00032 0030
DISPLBWD 00004 000008 00109 0515 0 534 0534 0628 0647
DISPLFWD 00004 000004 00108 0404 0406 0409 0410 0619 0621
DUMPIT 00002 000070 00077 0074 0076
FENQ2 00002 0C0140 00405 0408
FIF0DEQ1 00004 000158 00423 0087
FIF0ENQ1 00004 00013C 00404 0087
F IF 01HIT 00004 000168 00429 0404 0423 0426
LIF0DEQ2 00004 000182 00527 0088
LIF0ENQ2 00004 00016C 00510 0088
LÏF01H2T 00004 0001 AO 00537 0510 0511 0527 0531
LINKSKWD 00004 000008 00106 0109
LINKFWRD 00004 000004 00105 0108 0409 0426 0514 0530 0626
NOOUMP 00004 000G56 00068 0066
PRTY 00001 000000 00103 0624
PRTYDEQ2 00004 0001CC 00 640 0089
PRTYDQ01 00004 C0C1DA 00645 0642
PRTYENQ2 00004 0001A4 00619 0089
PRTYLR 00002 0001A8 00620 0625
PRTYSTM 00004 0G01BE 00626 0623
PRTY2H2T 00004 0001E8 00650 0619 0640 0652 0654
QELEMENT 00001 000000 00102 0108 0109 0403
QELEMNT S 00004 00C0F4 00091 0058 0061
QENTER 00004 000046 00063 0068
QUEUESUP 00001 000000 00001 0111
QUINGLST 00004 OOOODC 00087 0056
RETURN 00004 000088 00082
RO 00001 000000 00003
R 1 00001 000001 00004 0063 0070 0070 0073 0073 0403

0627 0628 0640 0641 0641 0643
R1C 00001 OOOOOA 00013 0061 0063 0068
R 11 00001 OOOOOB 00014 0062 0066
R12 00001 OOOOOC 00015 0019 0020 0021 0083
R 13 00001 OOOGOD 00016 0019 0023 0024 0025 0026 0026
R14 00001 OOGOCE 00017 0019 0032 0065 0072 0083 0084

0644 0648
R 15 CO 001 OuOOuF 00018 0022 0023 0024 0025 0029 G03C
R2 00001 000002 00005 0404 0405 0406 0406 04C 7 0407

0534 0534 0619 0620 0621 0621
R3 00001 00 OC03 00006 0405 0409 0410 0620 0626 0627
R4 00001 000004 00007
S5 00001 CO0005 00008 0056 0064 0071 0081
R6 00001 000006 00009 0057 0081
R7 00001 000001 00010 0058
R 8 00001 000008 00011 0059 0068
R9 00001 000009 00012 0060
SAVEAREA 00004 000094 00086 0022
TESTLOOP 00004 C0003E 00061 0081

PAGE 1

9 /17 /7 0

0627 0646 0652 0654

0645

0410
0643

0423 0424 0424 0511 0515 0527 0528 0528

0082 0082 0083
0411 0425 0427 0513 0516 0529 0533 0535 062 9

0G64 0065 0071 0072
0510 0512 0512 0514 0515 0530 0531 0532 0532
0622 0622 0624 0626 0628 0645 0646 0647
0645 0646 0647
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DIAGNOSTICS PAGE I

STMT ERROR CODE MESSAGE 9 /17 /7 0

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
«STATISTICS*  SOURCE RECORDS (SYSIN) = 679 SOURCE RECORDS (SYSLIB) = 25
«OPTIONS IN EFFECT* L IS T ,  NODECK, LOAD, NORENT, XREF , NOTEST, ALGN, OS, LINECNT = 55

779 PRINTED LINES



F44-LEVEL LINKAGE EDITOR OPTIONS SPEC IF IED  MAP, L E T , LI S T , NCAL
VARIABLE OPTIONS USED -  S IZE=(45056*6144 ) -  DEFAULT OPTION(S) USED

IEWOOOO ENTRY U T IL ITY

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME LOCATION

QUEUESUP 00 1F4
U T IL ITY 1F8 5A0

PRINT 2 5A PCHKRETN 4B6

ENTRY ADDRESS 1F8
TOTAL LENGTH 798

****G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET
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QQQQQQQQQQ UU UU EFEFEPPFFFFF IMI UU F F F F F F F F F ' F F F TTTTTTTTTTTT AAAAAAAAAA 1 1
QQQQQQQQQQQQ UÜ UU EEEEEEEEEEEE UU UU EEEEEEEEEEEE r T Ï T Ï Ï T Ï T ï T Ï AAAAAAAAAAAA 11 i
QQ QQ UU UU EE UU UU EE TT AA AA 1111
QQ QQ UU UU EE UU UU EE TT AA AA 11
QQ QQ UU UU EE UU UU EE TT AA AA 11
QQ QQ UU UU EEEEEEEE UU UU EEEEEEEE TT AAAAAAAAAAAA 11
QQ QQ UU UU EEEEEEEE UU UU EEEEEEEE TT AAAAAAAAAAAA 11
QQ QQ QQ UU UU EE UU UU EE TT AA AA 11
QQ QQ QQ UU UU EE UU UU EE TT AA AA 11
QQ QQQQ UU UU EE UU UU EE TT AA AA 11
QQQQQQQQQQQ UUUUUUUUUUUU EEEEEEEEEEEE UUUUUUUUUUUU EEEEEEEEEEEE TT AA AA 1111111111

QQQQQQQQ QQ UUUUUUUUUU EEEEEEEEEEEE UUUUUUUUUU EEEEEEEEEEEE TT AA AA 1111111111

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 

9999999999
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SYMBOL TYPE ID A DDR LENGTH LD ID
EXTERNAL SYMBOL DICTIONARY PAGE 1 

13.02 9 /17 /70

QUEUETA1 SD 01 000000 00013C



LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

000000

000000
000001
000002
000003
000004 
000C05 
000006
000007
000008 
000009 
00CC0A 
OOOOOB 
OOOOOC 
COOOOD 
0 0 0 00E 
OOOOOF
c o o o o o 90 EC DC-OC OOOOC
000004 05C0
000006
000006 41FC CODE 000E4
OOOOOA 50FD 0008 00008
OOOOOE 50DF 0004 00004
000012 18DF
000014 D703 DGG8 DO08 00008 00008

1 QUEUETA1 CSECT
2 COPY MHMBEGIN
3 RO EQU 0
4 R1 EQU 1
5 R2 EQU 2
6 R3 EQU 3
7 R4 EQU 4
8 R5 EQU 5
9 R6 EQU 6

10 R7 EQU 7
11 R8 EQU 8
12 R9 EQU 9
13 RIO EQU 10
14 R l l EQU 11
15 R12 EQU 12
16 R13 EQU 13
17 R14 EQU 14
18 R 15 EQU 15
19 STM R14 , R12 , 12(R13)
20 BALR R12,0
21 USING *,R12
22 LA R15, SAVEAREA
23 ST R15 ,8 (R13)
24 ST R13 ,4 (R15)
25 LR R13,R15
26 XC 8 ( 4 , R 1 3 ) , 8 ( R13)
27 END OF STANDARD ENTRY

PAGE 1

F08APR70 9 /17 /70

SAVE THE CALLER* S REGISTERS 
ESTABLISH PROGRAM BASE 
LET THE ASSEMBLER KNOW. 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN 
FORWARD CHAIN 
ESTABLISH MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

LINKAGE CONVENTIONS.

00000100
0 0 0 0 0 2 0 0
00000700
00000800
00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
0 0 0 0 2 0 0 0
00002100
0 0 0 0 2 2 0 0
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
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LOC

QUEUE PROCESSING TROUBLE ANALYSIS PROBLEM NUMBER I .

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

29 *
30 *
31 *
32 *

F08APR70

$$$$$$$$$$$$$ *#*#:{£######ijs##########;*!#* *###*#

* QUEUE PROCESSING TROUBLE ANALYSIS BUG 1. *
# -------- --- - — —--- - —--—--—--— —— #
# * # * # * * # *  # # # £ # # * * # # # # # 4:# # # jJj * # # # # * # # * # * # # # #

34  *#**#***##***#****#***#**#*#*#****:(£******* **#***:$::{:*#*****###**##*: ******

35 *
36 * THIS ROUTINE IS DESIGNED TO PROCESS A DOUBLE HEADED, SINGLE
37 * THREADED, FIFO QUEUE. THE ENQUEUE ROUTINE WILL ENQUEUE THE
38 * BLOCK WHOSE ADDRESS IS PASSED IN REGISTER ONE TO THE BOTTOM
39 * OF THE QUEUE. THE DEQUEUE ROUTINE WILL DEQUEUE THE BLOCK AT
40 * THE TOP OF THE L IST  AND RETURN I T 'S  ADDRESS IN REGISTER 1,
41 * UNLESS THE QUEUE WAS EMPTY, IN WHICH CASE, A NEGATIVE VALUE
42 * WILL BE RETURNED IN REGISTER 1.
43 *
44 ***********************************************************************

45 ***********************************************************************

47 *
48 * FOR SOME REASON OR OTHER, THE PROGRAM DOESN'T SEEM TO BE
49 * WORKING. YOU APE TO FIND OUT WHERE THE FAILURE IS BEING
50 * CAUSED AND TO SUGGEST A CODING CHANGE THAT WILL CAUSE THE
51 * PROGRAM TO WORK IN THE MANNER INTENDED. TO S IM PLIFY  YOUR
52 * TASK, READ THE PROLOGUE OF THE TEST CASE ROUTINE, SO THAT
53 * YOU WILL UNDERSTAND THE SEQUENCE OF EVENTS TAKING PLACE.
54 *
55 * GOOD LUCK. . . .
56 *
5 7 **** ***** ****************** *********** ********* *** ***** ******* **** ** ***

PAGE 2

9 /17 /70

00000400
00000500
00000600
00000700

00000900
00001000
000011 00
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900

00002100
0 0 0 0 2 2 0 0
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
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QUEUE PROCESSING TROUBLE ANALYSIS PROBLEM NUMBER 1. PAGE

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17 /70

59 * ************************************** 00003400
60 * * TEST CASE CODE FOR THE F IFO  QUEUE. * 00003500
61 * * ------ ------- -------- ------ ------ -------- ------------* 00003600
62 * *##**###***#*#####*#*#****#*#**#*##### 00003700

64 * ***##*#**##***#*#**#*####*#**##*#*##** #***#* lis##*######*#*############# 00003900
65 * 00004000
66 * THIS ROUTINE CONTROLS THE OPERATIONS TAKING PLACE ON THE 00004100
67 * FIFO QUEUE. IT WILL ENQUEUE ONE BLOCK, DEQUEUE IT , 000042G0
68 * ENQUEUE THREE MOREt THEN DEQUEUE ONE, IF  ALL GOES WELL * 00004300
69 * A DUMP WILL BE TAKEN AT LOCATION 'GOODENUF', ANY OTHER 00004400
70 * DUMP INDICATES AN ERROR OF SOME TYPE HAS OCCURRED. IF  THE 00004500
71 * DUMP AT 'GOODENUF' DOES OCCUR, CHECK THE CONTENTS OF THE 00004600
72 * QUEUE: FOR CORRECT ORDER, THAT SHOULD NOT HAPPEN......... 00004700
73 * REMEMBER, THIS IS A TROUBLE ANALYSIS PROBLEM...................... 00004800
74 * 00004900
75 **************####******#*****#********#**#****##**#*****##****#*****#* 00005000

0 0 0 0 1 A 4140 C05E 00064 77 LA R4,BL0CK1 ADDR OF FIRST BLOCK. 00005200
0 0 0 0 1 E 9857 C12 A 00130 78 LM R 5 ,R 7 ,= A (O P L IS T ,4 , OPLSTND-1) 00005300
000022 1814 79 TESTLOOP LR R1,R4 ADDR. OF BLOCK TO BE ENQUEUED. 00005400
000024 58F5 0000 00000 80 L R15 ,0 (R5 )  ADDR. OF ENQ/DEQ ROUTINE. 00005500
000028 05EF 81 BALR R 1 4 ,R 15 LINK TO THE ROUTINE. 00005600
0 0 0 0 2 A 1211 82 LTR R1 ,R 1 DEQUEUE TEST. DID I GET A BLOCK BACK? 00005700
00002C 47D0 C03E 00044 83 BNP TOOBAD NO, ABORT. 00005800
000030 4144 OOCC OOOOC 84 LA R4, 1 2 ( R4) ADDR. OF NEXT BLOCK 00005900
000034 8756 C01C 00022 85 BXLE R5,R6,TESTLOOP REPEAT TO END OF L IS T . 00006000
000038 0000 86 GOODENUF DC H' 0 ' 00006100
00003 A 5 8DD 0004 00004 87 L R13 ,4  ( R1 3 > 00006200
00003E 98EC DOOC OOOOC 88 LM R 1 4 ,R 1 2 ,1 2 (R 13) 00006300
000042 07 FE 89 BR R14 00006400

000044 0001 91 TOOBAD DC H' 1' 00006600
000046 47F0 C034 0003A 92 B GOODENUF+2 00006700

0 0 0 04 A 0000
0 0004C 0000 00 AG GO00 GOBC 94 OPLIST DC A(ENQ,DEQ,ENQ,ENQ,ENQ,DEQ) 00006900
000064 95 OPLSTND EQU * 00007000
000064 0000000000000000 96 BL0CK1 DC 3 F ' 0 ' 00007100
000070 97 DS 3F FAKE BLOCK FOR DEQUEUE. 00007200
00007C 0 000000000000000 98 BL0CK2 DC 3 F ' 0 ' 00007300
000088 OOOOOOCOOCOOGOOO 99 BL0CK3 DC 3 F ' 0 ' 00007400
000094 0 0 0 0000000000000 100 BLCCK4 DC 3 F ' 0 ' 00007500
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F I F O T  EST

****A1********* 
*STAR T  F I FO  TEST*
* CASE  CO OE . *
* * ***************

V***** 01********** Jc
* HOUSEKEEP  ING * 
*AND I N I T I A L I Z E  *
* FOR TEST C A S E .  *
* * 
*****************

TESTLOOP  V*****Q **********
*ENO/DEQ *
* — * — *— *— *—* —*— * -  * 

+— >*L INK TO ENQUEUE*
* OR DEQUEUE *
* ROUT INE *

ïjt 3{c ^  j{c >Jï Ĵc ïjt ?}c ^  ^

V
. * .  TOOBAD

D1 * .
. * * .  >i= * * * D 2 * * * * * * * * *

. *  DEQUQUE * .  NO *
*.  SUCCEED ? . * -------------->* TAKE  A DUMP.

*. .* *
* # #* * **************

*. .*
* YFS

GOODE NUF
****£ £*********

*
—  >* TAKE  A DUMP.

*
***************

V

E l * " ’ * .
. * *.

NO . *  F IN I S H E D  * .  YES 
+—  * .  Y ET ? . *  —

*. . *
*.  . *

* .  *

#
 

*
 

#
 *

 *

CHART QUEUEBG1 
PAGE OOI OF 001

ENQ

* * * * A 3 * * * * * * * * *
* B E G I N  ENQUEUE *
* ROUT INE .  ** * 

* * * * * * * * * * * * * * *

V
*****B3**********
* * 
^HOUSEK EE P IN G  -  * 
* SA VE  R E G I S T E R S . *  * * 
* *
*****************

V
*****03**********
* POINT  LAST *
* ELEMENT ON *
* QUEUE TO T HIS *
* ONE. *
* =r
** * * * * * * * * * * * * * * *

DEQ
****A4#********

* BE G IN  DEUEUUE *
* R O U T I N E .  ** * 

***************

V
*****B4**********
3{C 3jc
*GET ADDRESS  OF *
* F I R S T  E LEMENT  *
* ON QUEUE .  ** * *****************

V
.* .

C 4
. *

* .
* * * * * C 5* * * * * * * *

. *  I S THE YES *
* .  QUEUE EMPTY 7 # * --------- ----->* R E T UR N .

* . .* *
*. .* *************** 

*. .*
* NO

\!
V

D 4 * .* * * * □ 3 * * * * * * * * * . * * . * * * * □ 5* * * * * * * * *
* * . * I S  TH IS  THE* . NO *
* RETURN.  * * .  L A S T  ON THE . *  -------- ------>* RETURN .
* * * .  QUEU E?  .* *

* * * * * * * * * * * * * * * * .  . * * * * * * * * * * * * * * * *
* .  . *

* YES

V* * * * * 54* * * * * * * * * *  
* * 
*ZERO POINTER TO* 
*LAST ELEMENT ON*
* QUEUE. ** * 
*****************

* * * * 5  5*********
*

>* RETURN.**************** #
 -
JH

fr 
*
 *

 *
 

**
■

*
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QUEUE PROCESSING TROUBLE ANALYSISi PROBLEM NUMBER 1. PAGE 5

LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

125 *#**##***:(£**** ******* ********************************** *#***###** ****** 00010000
126 * 00010100
127 ❖ ENQUEUE ROUTINE. 00010200
128 * 00010300
129 * WILL ENQUEUE ON THE BOTTOM OF THE QUEUE ANY BLOCK WHOSE 00010400
130 ADDRESS IS PASSED IT IN REGISTER ONE. 00010500
131 * 00010600
132 *********************************************************************** OCO10700

000000 133 USING BLOCK,R1 00010800

OOOOAO 502C CODA 000 EO 135 ENQ ST R2, TEMPSAVE SAVE REGISTER TO BE USED. 00011000
0000A4 5820 C0D6 000 DC 136 L R2 , QUEUEPTR+4 ADDR. OF BOTTOM OF QUEUE. 00011100
0000A8 D203 1000  2000 00000  00000 137 MVC LINKFLD t 0 (R 2 ) ENQUEUE THIS ONE AT THE BOTTOM. 00011200
OOOOAE 5012 0000 00000 138 ST R1,C(R2 ) ADD LINK F IE LD . 00011300
0000B2 5010 C0D6 OOODC 139 ST Rl,QUEUEPTR+4 MAKE THE NEW ONE LAST IN QUEUE. 00011400
0000B6 5820 CODA OOOEO 140 L R2,TEMPSAVE RESTORE REGISTER USED. 00C11500
OOOOBA 07FE 141 BCR 1 5 ,R14 RETURN. 0001160C

143 ***************************************************** ******* *** * * * * * * * * 00011800
144 * 00011900
145 ❖ DEQUEUE ROUTINE. 00012000
146 * 00012100
147 £ WILL RETURN IN REGISTER 1 THE ADDRESS OF THE BLOCK THAT 00012200
148 * WAS AT THE TOP OF THE QUEUE. A NEGATIVE VALUE IS RETURNED 00012300
149 ❖ IF THE QUEUE IS EMPTY ON ENTRY. 00012400
150 * 00012 500
151 ********:$:****************** **************************** *************^*** 00012600

OOOOBC 5810 C0D2 000D8 152 DEQ L R ltQUEUEPTR ADDR. OF FIRST BLOCK ON THE QUEUE. 00012700
OOOOCO 1211 153 LTR R i t  R1 IS THE QUEUE EMPTY ? 00012800
0000C2 074E 154 BCR 4»R14 YES, RETURN. 00012900
0000C4 5510 C0D6 OOODC 155 CL RltQUEUEPTR+4 NO, IS THIS THE LAST ONE ON Q ? 00013000
0000C8 D203 C0D2 1.0 00 0 0 0 D8 00000 156 MVC QUEUEPTR,LINKFLD DEQUEUE F IRST FROM TOP. 00013100
OOOOCE 07CE 157 BCR 12»R14 NO, RETURN. 00013200
OOOODO D203 C0D6 1000 OOODC 00000 158 MVC QUEUEPTR+4,LINKFLD YES, RE—IN IT IA L IZ E  THE EMPTY QUEUE. 00013300
C000D6 07FE 1 59 BCR 15 ,R14 AND RETURN. 00013400

0000D8 161 QUEUEPTR DS OF 00013600
0000D8 FF 162 DC X * F F 1 00013700
0000D9 0000D8 163 DC AL3(QUEUEPTR) 00013800
OOCODC FF 164 DC X 1F F 1 00013900
0 0 0 ODD 0 0 0 0D8 165 DC AL3(QUEUEPTR) 00014000
OOOOEO 166 TEMPSAVE DS F 00014100
0000E4 167 SAVEAREA DS 18F 00014200

cooooo 169 BLOCK DSECT 00014400
oocooo 170 LINKFLD DS F 00014500
00C004 171 PADDING DS 2F 00014600

172 END 00014700
000130 0000004C0C0G00Ö4 173 = A {OPLI S T , 4 , OPLSTND—1)
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RELOCATION DICTIONARY

IS. ID R E L . ID FLAGS ADDRESS

01 01 oc 00004C
01 01 oc 000050
01 01 oc 000054
01 01 oc 000058
01 01 oc 00G05C
01 01 oc 000060
01 01 08 000CD9
01 01 08 OOOODD
01 01 oc 000130
01 01 oc 000138

PAGE 1

9 /17 /7 0



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES

BLOCK 00001 cooooo 00169 0133
BLOCK 1 00004 000064 0G096 0077
BLOCK 2 00004 00007C 00098
BL0CK3 00004 000088 00099
BL0CK4 C0004 000094 00100
DEQ 00004 OOGOBC 00152 0094 0094
ENQ 00004 OOGGAO 00135 0094 0094 0094 0094
GOODENUF 00002 000038 00086 0092
LINKFLD 00004 OGOOGO OG 170 0137 0156 0158
OPLIST 00004 00GC4C 0 0094 0078 0173
OPLSTND 00001 000064 00095 0078 0173
PADDING 00004 GO00 04 00171
QUEUEPTR 00004 G000D8 OG 161 0136 0139 0152 0155 0156
QUEUETA1 00001 GCOGOO 00001
RO 00001 000000 00003
R1 00001 000001 00004 0079 0082 0082 0133 0138
RIO 00001 OCOOOA 00013
R 11 00001 OCGGOB 00014
R 12 00001 OCOOOC 00015 0019 0020 0021 0088
R13 00001 OOOOOD 00016 0019 0023 0024 0025 0026
R 14 00001 OOOGOE 00017 0019 0081 0088 0089 0141
R15 00001 ÜOOGOF 00018 0022 0023 0024 0025 0080
R 2 00001 0 0 GO02 00005 0135 0136 0137 0138 0140
R3 00001 000003 00006

00001 000004 00007 0077 0079 0084 0084
R5 00001 000005 00008 0078 0080 0085
R6 00001 000006 00009 0085
R 7 00001 000007 0 0 0 1 C 0078
R8 00001 000G08 00011
R9 00001 00GG09 00012
SAVEAREA C0004 00G0E4 00167 0022
TEMPSAVE 00004 OOOOEO 00166 0135 0140
TESTLOOP 00002 000022 00079 0085
TOOBAD 00002 000044 00091 0083

9 /17 /70

0158 0163 0165

0139 0152 0153 0153 0155

0026 0087 0087 0088
0154 0157 0159
0081

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
^STATISTICS* SOURCE RECORDS (SYSIN) = 147 SOURCE RECORDS (SYSLIB1 = 25
* OPT IONS IN EFFECT* L I ST ,  NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55

229 PRINTED LINES
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F 4-4-LEVEL LINKAGE EDITOR OPTIONS SPEC IF IED  MAP, LET , L I  S T , NCAL
VARIABLE OPTIONS USED -  SIZE=<4 5 0 5 6 ,6 1 4 4 ) -  DEFAULT OPTION(S) USED

IEWOOOO ENTRY U T IL ITY

MODULE MAP

CONTROL SECTION

NAME ORIGIN LENGTH

QUEUETA1 00 13C
UT IL ITY  140 5A0

ENTRY

NAME LOCATION NAME LOCATION

PRINT 1A 2 PC HKRETN 3FE

ENTRY ADDRESS 140
TOTAL LENGTH 6E0

****G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

NAME LOCATION NAME LOCATION



F . P .  REGS. 4 0 .F0F5F5  F2404000 00.000000  00000000 00.000000  00000000 00.000000  00000000

REGS 0-7 FFFFFF2E  FF01D9F8 0001AEFC 00000000 0001D9C0 00Q1D980 00000004 0001D983
REGS 8-15 0001AEE0 00000000 0001AF08 00000000 6F01D926 0001DA04 6F01D94A 0001D9DC

000000 00000000 OOOOÖOOO 0 0000000 00000000 0001D920 0 0 0 00 0 0 0 FF060000 80000000 * • «
000020 00G40003 50006A3E FFC50001 5F01D966 OOOOFFOO 00000000 FFC50231 8F01DA78 *
000040 B0041EF8 OCOOÖOOO B00014D0 00005920 02BFAFA4 0000996C C0040000 00007498 * . ,
000060 00040000 0G007BC8 00040000 00007588 00000000 00012D10 00040000 000075 IA *. ,

010920 90 ECDOOC 05C041F0 C 0DE50FD 000850DF 000418DF D703D008 00084140 C05E9857 * . ,
010940 C 12A l 814 58F50000 05EF1211 47D0C03 E 4144000C 8756C01C 000058DD 000498EC * A.
01D96 0 D00CC7FE GG0147F0 C 0340000 0001D9C0 0001D9DC 0001D9C0 0001D9C0 000109C0 * . ,
01D980 0001D9DC 0001D99C 0 0 0 00000 00000000 16021702 5000D232 07FE90BD 0001D9A8 * . ,
01D9A0 00000000 OÖÖOOOOO 0001D9B4 0 0 000000 00000000 FF01D9F8 00000000 00000000 * . ,
01D9C0 5020C0DA 582GC0D6 D2031000 20005012 00005010 C0D6582 0 C0DA07FE 5810C0D2 i
01D9E0 1211074E 5510C0D6 D203C0D2 100007CE D203C0D6 100007FE FF01D9F8 0001D9B4 *. .
01DA00 0001AEFC 98BDE020 00029F68 00000000 CFFA48A0 D2825880 C 5D640A8 000047FO * . , EO . . . . 0*
01DA20 B20E0700 50038FFA 0003C38E 0Q03D3B E 07040070 0070D202 0075D60E 47F0B20E * . ,
01DA40 D2030048 C5724550 C 27AD203 0048C576 0001D96C 00000004 00010983 41300007 *K.
0 10 A 6 0 90ECD00C 05C0G4F0 07004110 C0100511 0FG1DB04 7FFF0A0 E 58B00010 9 1 10B074 * • .

01E020 4A0C9BDE 40050000 47F095C6 48609BEE 8A600001 4770969E 48609C26 41660001 * . ,

8

* **** ̂ ^t***************************** **************************** ******************************************* *******##*##
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X X X  >0 vD <ö vO vfl vfl O
vO \D \0 X3 X) vO
X X X X X X
X X X X X X
X >-0 X X  X X
X) X XX) X) X
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er cz c  c er er er c er cz er
c <r er c  c c er c c c c  c
cz cz 
<z c  

«c: cz 
cz c  
cz cz 
cz c  
c  c  cz cz
c c c c <r cz er er c cz er erc c cz er c er er er c er er
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c  c  
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c  c  
c  er 
c  er 
c  c  
c  cz
cz c c c c c c er C c cz c

c <z c  cz cz c er cz c c cz

m m m m m m m m m m m mm m m m m m m m m m m m
(Ti m m m m mm m m m m m
m m m m rn mm m m m m m
m m m m m mm m m m m mrr m m mm m m mm m m mm m m m
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> > > > > > > > > > >
> > > > > > > > > J> > >

> > > >
> > > >
> > > >
> J> > >
> > > >
> > > J>
> > > >
> > > >

> > 3>> J> > > > fc>> > >
> > > j> > > > > > > >

ro ro ro ro
r\j ro ro ro ro ro
!\) ro r\) ro ro
l\) ro ro ro roro ro ro ro ro
i\j ro ro (NJ ro
r\j ro ro ro roro (NJ ro ro ro
ro ro ro ro ro
(NJ ro ro ro ro
r\j f\J ro ro ro ro (V ro
ro ro ro ro ro ro
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EXTERNAL SYMBOL DICTIONARY PAGE 1 
13.03 9 /17 /7 0SYMBOL TYPE ID ADDR LENGTH LD ID 

QUEUETA2 SD 01 000000 000174



LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

o c o o o o

000000
000001
000002 
000003 
C00004
000005
000006
000007
000008 
000009 
0 0 0 00A 
COOOOB 
OOOOOC 
QOOOOD 
OOOOOE 
OOOOOF
000000 90 EC DOOC OOOOC
000004 05 CO
000006
000006 41 FO C 11A C0120
OGGOOA 50FD 0008 00008
OOOOOE 50DF 0004 00004

& 000012 18DF
o? 000014 D703 D008 DCOb 00008 00008

1 QUEUETA2 CSECT
2 COPY MHMBEGIN
3 RO EQU 0
4 R1 EQU 1
5 R 2 EQU 2
6 R3 EQU 3
7 R4 EQU 4
8 R5 EQU 5
9 R6 EQU 6

10 R7 EQU 7
11 R 8 EQU 8
12 R9 EQU 9
13 RIO EQU 10
14 R l l EQU 11
15 R12 EQU 12
16 R13 EQU 13
17 R14 EQU 14
18 R 15 EQU 15
19 STM R 14 » R12, 12 ( R 13)
20 BALR R1 2 , 0
21 USING * * R 12
22 LA R15 f SAVEAREA
23 ST R15 ,8 (R13)
24 ST R13 ,4 (R15)
25 LR R13t R15
26 XC 8 ( 4 , R 1 3 ) , 8 ( R 13)
27 * END OF STANDARD ENTRY

PAGE 1

F 08APR70 9/17/70

SAVE THE CALLER 'S  REGISTERS 
ESTABLISH PROGRAM BASE 
LET THE ASSEMBLER KNOW. 
ADDRESS OF MY SAVE AREA 
BACKWARD CHAIN 
FORWARD CHAIN 
ESTABLISH MY SAVE AREA 
TERMINATE THE FORWARD CHAIN 

LINKAGE CONVENTIONS.

0 0 000100  
00000200  
00000700 
00000800 
00000900 
00 0 01 0 0 0  
0 0 0 01100  
00001200  
00001300 
00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
0 0002000  
00002  IOC 
00002200  
00002400 
00002500 
00002600 
00002700 
00002800 
00002900 
00003000 
00003100 
00003200
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QUEUE PROCESSING TROUBLE ANALYSIS PROBLEM NUMBER 2 PAGE 2

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT

29 *
30 *
31 *
32 *

F08APR70

***❖  * * * *********** * *** * ** ********** * * *

* QUEUE PROCESSING T/A BUG NUMBER 2. *
*  ----------- -------- ------- —  *
**************************************

34 ** *********************** **********************************************

35 *
36 * THIS ROUTINE IS DESIGNED TO PROCESS A SINGLE HEADED, SINGLE
37 *. THREADED, L IFO  QUEUE. THE ENQUEUE ROUTINE WILL ENQUEUE THE
38.*  BLOCK WHOSE ADDRESS IS PASSED IN REGISTER ONE TO THE TOP OF
39 * THE QUEUE. THE DEQUEUE ROUTINE WILL DEQUEUE THE BLOCK AT
40 * THE TOP OF THE QUEUE, AND RETURN I T 'S  ADDRESS IN REGISTER
41 * ONE. IF THE QUEUE IS EMPTY, REGISTER ONE WILL CONTAIN ZEROS
42 * ON RETURN.
43 *
44  ***********************************************************************

46 ***********************************************************************

47 *
48 * IT LOOKS L IK E  THE PROGRAM IS ACTING UP TODAY. YOU ARE
49 * REQUESTED TO FIND OUT WHERE THE FAILURE IS OCCURRING
50 * AND TO MAKE THE CODING CHANGE(SI THAT WILL MAKE IT
51 * WORK AGAIN. TO MAKE YOUR TASK EAS IER , READ THE PROLOGUE
52 * OF THE TEST-CASE ROUTINE BEFORE YOU START TO SHOOT THE
53 * TROUBLE. THIS WILL INFORM YOU OF YOUR CONSTITUTIONAL
54 * RIGHTS AND ALSO TELL  YOU WHAT IS EXPECTED OF THE PROGRAM.
55 *
56 * HAVE FUN...............
57 *
5 q ***********************************************************************

9 /17/70

00000400
00000500
00000600
00000700

00000900
00001000
00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900

00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300



QUEUE PRO CE S S I NG  TROUBLE  A N A L Y S I S  PROBLEM NUMBER 2 PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

60 ❖ ###***;*:******:* * :jt *** s{e * **##;£ :js ******* * ijt * * 00003500
61 * * TEST CASE CODE FOR THE LIFO  QUEUE. * 00003600
62 * * ---- — ------ — .—  ——-------- -------- —-------- — * 00003700
63 * ************************************** 00003800

65 ********************$******#************#**************##************** 00004000
66 * 00004100
67 * THIS ROUTINE CONTROLS THE SEQUENCE OF EVENTS THAT WILL 00004200
68 * TAKE PLACE WITH THE L IFO QUEUE. IT WILL ENQUEUE TWO BLOCKS, 00004300
69 * DEQUEUE ONEt ENQUEUE ONE MORE AND THEN DEQUEUE THE REMAINING 00004400
70 * TWO. IF ALL GOES WELL, A DUMP WILL BE TAKEN AT LOCATION 00004500
71 * •GOESWELL*. IF A DUMP OCCURS ANYWHERE ELSE, THIS IS AN 00Ö04600
72 * INDICATION OF ERROR. 00004700
73 * 00 004800'
74 ******* NOTE : 00004900
75 * IF THE DUMP AT 'GOESWELL • DOES OCCUR, EXAMINE THE STATUS OF 00005000
76 * THE iQUEUE. THIS IS A TROUBLE ANALYSIS PROBLEM, SO SOMETHING 00005100
77 * MUST BE WRONG. RIGHT ? ? ? ? ? 00005200
78 ❖ 00005300
79 **** ******************************************************************* 00005400

0 0 001A 4140 C066 0006C 81 LIFOTEST LA R4 , BL0CK1 ADDR. OF FIRST BLOCK 00005600
0 0 0 01 E 9857 C162 00168 82 LM R 5 ,R 7 ,= A (O P L IS T ,4 , OPLSTND—1) 00005700
000022 1814 83 TESTLOOP LR R1 ,R4 ADDR. OF BLOCK TO. BE ENQUEUED. 000C5800
000024 58F 5 0000 00000 84 L R15 ,0 (R5 ) ADDR. OF ENQ/DEQ ROUTINE. 00005900
000028 05 EF 85 BALR R1 4, R1 5 LINK TO THE ROUTINE. 00006000
0 D 0 0 2 A 1211 86 LTR R1 ,R1 DID I GET A BLOCK BACK ? 00006100
00002C 4780 C 032 00038 87 BZ TESTLAST NO, TEST FOR LAST OPERATION. 00006200
000030 4144 0020 00020 88 LA R4 , B LGCK2— BL OCK1 (R4) YES, ADDR. OF NEXT BLOCK. 00006300
000034 8756 C 01C 00022 89 BXLE R5,R6,TESTLOOP REPEAT TO END OF L IS T . 00006400
000038 4100 C06 2 00068 90 TESTLAST LA RO, OPLSTND—4 LAST OPERATION ? 00006500
00003C 1905 91 CR R 0 , R 5 00006600
00003E 4770 C 048 0004E 92 BNE ABORT NO, ERROR. 0000670C
000C42 0000 93 GOESWELL DC H* 0* YES, TAKE A DUMP. 00006800
000044 5 8DD 0004 00004 94 L R13,4  ( R 13 I 00006900
000048 98EC DOOC OOOOC 95 LM R14 ,R12 ,12(R13 ) 00007000

00004C 0 7FE 96 BR R 14 00007100

00004E 0001 98 ABORT DC H* 1* 00007300

000050 47F 0 CC3E 00C44 99 B GOESWELL+2 00007400

000054 OOOOQOECOOOOOOEC 101 OPLIST DC A( ENQ,ENQ,DEQ,ENQ,DEQ,DEQ) 00007600

00006C 102 OPLSTND EQU * 00007700

0Q006C 0000000 0 0 0 00 0 0 0 0 103 BLOCK1 DC 8F ’ 0 1 00007800

GQ008C 0000000000000000 104 BL0CK2 DC 8F * 0 * 00007900

0 0 0 0 A C 105 DS 8 F DUMMY BLOCK FOR DEQ . 00008000

OOOOCC 0 0 0 0000000000000 106 BLOCK3 DC 8F ' 0 * 00008100



LIFOTEST

****A1*********
* BEGIN L IFO  ■ * 
♦ QUEUE TEST CASE*
* ROUTINF. * 

*** * ** * ** ** * ** *

ENQ

****A3* ** ******
* BEGIN L IFO  *
* ENQUEUE *
* ROUTINE. ****************

*****B1**********  
* *
* HOUSEKEEPING *
* FOR TEST CASE *
* *  
* *  
*****************

TESTLOOP V
* * * * * c i * * * * ** * ** *
* ENQ/ DEQ **-*-*~r*—*-*—*-*-*

+— >*LINK TO ENQUEUE*
* OR DEQUEUE *
* ROUTINE. ** * * * * ** * * * * * ** * * *

V
.* .

D1 *.

. ** Dl D THE ’ *. YES
* . DEQUEUE FAIL .* ----

*. ? .*
*. .*

* .  .  *
* NO

V
.* .

E l  *.
.  * * .

YES . *MORE BLOCKS*. NO 
+—  *. TO PROCESS ? .* —  

*. .*
*. •*

*. . *

ABORT

* *
->* TAKE A DUMP. * 

* ****************

GOESWELL

****E£*********
->* TAKE A DUMP. * 

* * 
* * * * * * * * * * * * * * *

* * * * * $ 3 * * * * * * * * * *  
* * 
♦ HOUSEKEEPING -  * 
*SAVE REGISTERS.*  
* * 
* * 
* ** * * * * * * * * * * * * * *

V
.* .

C3 *.

YES .***IS THE *#*.
+—  * . QUEUE EMPTY ?. * 

* . . *
* . . *

*. .*
* NO

* *
* ENQUEUE THIS * 
*BLGCK IN FRONT *
* OF OLD F IRST. *
* * 
*****************

* ** * *£ $ * * * * * * * * * *

* POINT HEAD *
♦  POINTER TO THIS*
* ONE. *❖ * 
*****************

CHART QUEBUG2
PAGE 001 OF 001

DEQ

****A4*********
* B EG IN L I FO *
* DEQUEUE *
* ROUTINE. ****************

V
*****B4********** 
* *
* GET THE ADDRESS* 
*0F FIRST BLOCK *
* ON THE QUEUE. ** * *****************

V
*.

C 4
.*

*.
*. *********

.*  IS THE * . YES *
♦  .QUEUE EMPTY ? . * ------- --- >* RETURN.

*.
*.

*.
.* *

.*
* NO

* *
***************

V
*****04**********
* CHANGE HEAD *
* POINTER TO *
* POINT TO NEXT *
* ON Q. *
* * 
*****************

****□5*********
*

>* RETURN.
*

***************

****E4*********

>* RETURN. *
* *  

***************

#
 #

 #
■ 

#
 #

 #
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QUEUE PROCESSING TROUBLE ANALYSIS PROBLEM NUMBER 2. PAGE

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR7Q 9/17/70

130 ****##******#****#***#****#********##*❖ **#*#**❖ *******#*********##*#*#* 00010500 
1 3 1 *  00010600
132 * ENQUEUE ROUTINE. 00010700
133 * 00010800
134 * WILL ENQUEUE ON THE TOP OF THE QUEUE ANY BLOCK WHOSE ADDRESS 00010900
135 * IS PASSED IN REGISTER ONE. 00011000
136 * 00011100
137 X*# # *************# **# ************# *# # *# **# *# ****# ***# ******# **# ******# *  00011200

000000 139 USING BLOCK,R1 00011400
0000 EC 5020 C l 16 0011C 140 ENQ ST R 2 , TEMPSAVE SAVE CALLER 'S  REGISTER. 00011500
OOOOFO 5820 C 112 00118 141 L R2 , QUEUE PTR ADDR. OF FIRST ON THE QUEUE. 00011600
0000F4 1222 142 LTR R2,R2 QUEUE EMPTY ? 00011700
0000F6 4740 COF 8 OOOFE 143 BM ADDIT YES, ENQUEUE THIS AS F IR S T . 00011800
OOOOFA 5020 1010 00010 144 ST R2 , LINKFLD NO, ENQUEUE THIS IN FRONT OF F IR S T . 00011900
OOOOFE 5010 C l l  2 00118 145 ADDIT ST R1 , QUEUEPTR POINT TO IT WITH QUEUE HEAD. 00012000
000102 5820 C l 16 0011C 146 L R2,TEMPSAVE RESTORE USER'S REGISTER. 0 0012100
000106 07FE 147 BR R 14 RETURN. 00012200

149 sjc stsjjc##### ####*# j}: ## # sjs * :{c * ## # * #:{;# !{s s{t ###:{£# 00012400
150 00012500
151 * DEQUEUE ROUTINE. 00012600
152 £ 00012700
153 DEQUEUES THE TOP BLOCK FROM THE QUEUE AND RETURNS I T 'S 0C012800
154 * ADDRESS IN REGISTER ONE . REGISTER ONE WILL CONTAIN 00012900
155 ZEROS IF THE QUEUE WAS EMPTY ON ENTRY. 00013000
156 * 00013100
157 00013200

000108 159 DEQ EQU * 00013400
000108 5810 C 112 00118 160 L R1 , QUEUEPTR ADDR. OF FIRST ON QUEUE. 00013500
00010C 1211 161 LTR R 1 ,R 1 QUEUE EMPTY ? 00013600
0001OE 078E 162 BCR 8 , R 14 YES, RETURN. 00013700
000110 0203 C112 1010 00118 00010 163 MVC QUEUEPTR,LINKFLD NO, DEQUEUE THE ONE AT TUP. 0001380C
000116 07FE 164 BR R1 4 AND RETURN. 00013900

000118 o c o o o o o o 166 QUEUEPTR DC F' 0 ' 00014100

00011C 167 TEMPSAVE DS F OC 01420 0
000120 168 SAVEAREA DS 18F 00014300

OOOCCO 170 BLOCK DSECT 0001450C

000000 171 DS 4F 000146CÖ

000010 172 LINKFLD DS F 00014700

000014 173 DS 3 F 00014800

000010 174 LINKDISP EQU LINKFLD-BLOCK 00014900
175 END OCO15000

000168 0000005400000004 176 = A (0 P L IS T ,4 ,0 P LS T N D -1 )



RELOCATION DICTIONARY

IS. ID R EL . I D FLAGS ADDRESS

01 01 OC 000054
01 01 OC 000058
C l 01 OC 00005C
01 01 OC 000060
01 01 OC 000064
01 01 OC 000068
01 01 OC 000168
01 01 OC 000170

PAGE 1

9 /17 /7 0
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CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE OEFN REFERENCES 9 /17 /7 0

ABORT 00002 00004E 00098 0092
ADDIT 00004 COOOFE 00145 0143
BLOCK 00001 OOOCQO 00170 0139 0174
BLOCK 1 00C04 Ü0006C 00103 0081 0088
BL0CK2 00004 00008C 00104 0088
BL0CK3 00004 ooo o cc 00106
DEQ 00001 000108 00159 0101 0101 0101
ENQ 00004 0000 EC 00140 0101 0101 0101
GOESWELL 00002 000042 00093 0099
LIFOTEST 00004 0C001A 00081
LINKDISP 00004 000010 00174
LINKFLD 00004 000010 00172 0144 0163 0174
OPLIST 00004 0C0054 00101 0082 0176
OPLSTND 00001 0C006C 00102 0082 0090 0176
QUEUEPTR 00004 000118 00166 0141 0145 0160 0163
QUEUETA2 00001 000000 00001
RO 00001 000000 00003 0090 0091
R 1 00001 000001 00004 0083 0086 0086 0139 0145 0160 0161 0161
RIO 00001 OOOOOA 00013
R 11 00001 OOOOOB 00014
R12 00001 OOOOOC 00015 0019 0020 0021 0095
R13 00001 OOOOOD 00016 0019 0023 0024 0025 0026 0026 0094 0094
R14 0 0 C01 OOOOOE 00017 0019 0085 0095 0096 0147 0162 0164
R15 00001 OOCOOF 00018 0022 0023 0024 0025 0084 0085

N) *2
ro R3

00001 000002 00005 0140 0141 0142 0142 0144 0146
00001 000003 00006

R4 00001 000004 00007 0081 0083 0088 0088
R 5 00001 000005 00008 0082 0084 0089 0091
R6 00001 000006 00009 0089
R7 00001 000007 00010 0082
R 8 00001 000008 00011
R 9 00001 000009 00012
SAVEAREA 00004 000120 00168 0022
TEMPSAVE 00004 G0011C 00167 0140 0146
TESTLAST 00004 000G38 00090 0087
TESTLOOP 00002 000022 00083 0089

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
* ST AT I STIC S * SOURCE RECORDS (SYSIN) = 150 SOURCE RECORDS (SYSLIB) = 25
^OPTIONS IN EFFECT* L IS T ,  NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55

231 PRINTED LINES



F44-LEVEL  LINKAGE 
VARIABLE

IEWOOOO

EDITOR OPTIONS SPEC IF I  
OPTIONS USEO -  SIZ E= 
ENTRY U T IL IT Y

ED M A P ,LE T ,L IS T ,N C A L  
( 4 5 0 5 6 ,61441- DEFAULT OPTION(S) USED

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME

QUEUETA2 00 174
U T IL IT Y  178 5A0

PRINT IDA PC HKRETN 436

ENTRY ADDRESS 178
TOTAL LENGTH 718

DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

LOCATION



F.P REGS 0 0 .01B6B8 0001B690 50.Ü4BC6A 00000050 OO.OOC7D4 C4F2F6F3 00.000000 00000000

REGS 0-7 00040950 00040954 0001B6AC 00000000 00040A14 00040954 00000004 00040953
REGS 8-15 0001B69C 00000000 0001B6B8 00000000 6F0408EE 00040A08 6F040912 000409F0

oooooc OC000 000 00000000 00000000 Ó0000000 000408E8 00000000 FF060000 80000000
000020 FF 040003 40006A3E FFB50001 5F04093 8 OOOOFFOO 0 0 0 00000 F E040233 8000ÜA06 * . . , .............................. *
000040 00001360 08000000 A0001468 00005920 02C018A4 0000996C C0040000 00007498
000060 00040GGG 00007BC8 00040000 00007588 00000000 00 0 12 0 1 0 C0040000 0000 751A # i

0408E0 D 5016012 9BC84780 90ECD00C 05C041F0 C11A50FD 000850DF 000418DF D703D008 *N. .
040900 D0084140 C 06 6 98 57 C1621814 58F50000 05EF1211 4780C032 41440020 8756C01C * i i
040920 4100C062 19054770 C 0480000 5 8DD0004 98 ECDOOC 07FE0001 47F0C03 E 000409 D4 * , , ,
040940 000409D4 000409F0 000409D4 000409F0 000409F0 0 0 000000 OCOOOOOO 0 0 0 00000 . 4
040960 OOGOOQCG 00000000 00000000 0 0 0 00000 00 0 00 0 0 0 OOCOOOOO 00000000 0 0 0 00000 .............................. $
040980 00000000 00040954 OCOOOOOO 00000000 00000000 92E49210 100247F0 92E49240
0409A0 100492B C 41469200 10029200 10019200 10034110 OOCOOOOO 00000000 0 0000000 * . .  ,
0409C0 000 00000 00040954 00000000 00000 0 0 0 oocooooo 5020C116 5820C112 12224740
0409 EO COF85 02 0 10105010 C 1125 82 0 C11607FE 58 IOC 112 1211C78E D203C112 101007FE * . 8 .
040A00 00000000 0001B6 AC 077E95FF 0004CF68 OOOOOQOC D26D4152 41519012 41085820
040A20 9A32582C 2000D214 41482000 95FF60C2 477C99 5C D2024152 600DD2 05 415 66 01C
040A40 D207415D AC084150 41504570 957É58A0 000409 3C 00000004 00040953 500CD207 *K. .
040A60 9CECDGCC 05C004F0 07004110 CO 100 511 0F040B04 7FFF0A0E 58B00010 911CB 074 ..............................*

041020 4 AC09BDE 40050 000 47F095C6 486G9BEE 8 A600001 477 096 9E 48609C26 41660001 ❖

******** **** **************$****$ *************#$*$*******************$*$*$**#$$*************
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s s s s s s s s s s 0 0 0 0 0 0 0 0 0 0 0 0 RRRRRRRRRRR TTTTTTTTTTTT
s s s s s s s s s s s s o o o o o o o o o o o c •RRRRRRRRRRRR TTTTTTTTTTTT
SS SS 0 0 0 0 RR RR TT
SS 0 0 0 0 RR RR TT
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EXTERNAL SYMBOL DICTIONARY PAGE
SYMBOL TYPE ID ADDR LENGTH LD ID 13.04 9 /17 /7

SORTSUPL SO 01 000000 000282
PCHKRETN ER 02
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1

PAGE

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

000000 1 SORTSUPL CSECT 00000100
2 COPY MHM BEGIN 00000200

c o o o o o 3 RO EQU 0 00000700
000001 4 R 1 EQU 1 00000800
000002 5 R2 EQU 2 00000900
000003 6 R3 EQU 3 00001000
000004 7 R4 EQU 4 00001100
000005 8 R5 EQU 5 00001200
000006 9 R6 EQU 6 00001300
00C007 10 R7 EQU 7 00001400
C00008 11 R8 EQU 8 00001500
000009 12 R 9 EQU 9 00001600
00000A 13 RIO EQU 10 00001700
COOOOB 14 R l l EQU 11 00001800
OOOOOC 15 R 12 EQU 12 000C1900
COOOOD 16 R13 EQU 13 00002000
OGOOOE 17 R1 4 EQU 14 00002100
00000 F 18 R 15 EQU 15 00002200
COCOOO 90 EC DGOC o o o o c 19 STM R14 t R12 1 1 2 ( R13) SAVE THE C A LL E R ' S REGISTERS 00002400-:
000 CO4 05C0 20 BALR R12 * 0 ESTABLISH PROGRAM BASE 00002 500
000006 21 USING *tR12 LET THE ASSEMBLER KNOW. 0 0 00 2 60 Q
000006 41F 0 C216 0021C 22 LA R15, SAVEAREA ADDRESS OF MY SAVE: AREA 000 0 2 7 CO.
0 0000A 50 FD 0008 00008 23 ST R 15 * 8 ( R 1 3 ) . BACKWARD.CHAIN 000028Q0
OOOOOE 5 ODF 0004 00004 24 ST R13 t 4 ( R 1 5) FORWARD CHAIN 00002900
000012 18DF 25 LR R13 »R15 ESTABLISH MY. SAVE AREA 00003000
000014 D703 0008 DO08 00008 00008 26 XC 8 ( 4 1 R13 ) t 8 ( R 13 ) TERMINATE THE FORWARD CHAIN 000,03100

27 * END OF: STANDARD ENTRY LINKAGE CONVENTIONS. 00003200
28 PRINT OFF 00000300
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LINEAR SELECTION . . .  FINDING THE SMALLEST. PAGE

LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

35 # # # # # # # # *# # #  00 001000

36 * 00001100
37 * THIS ROUTINE IS AN EXAMPLE OF A "L INEAR  SELECTION" SORT 00001200
38 * ' 00001300
39 * THE LINEAR SELECTION WORKS ON THE PR INC IPLE  OF FINDING THE 00001400
40 * SMALLEST DATA ITEM AND MOVING IT  TO I T 'S  APPROPRIATE PLACE 00001500
41 IN THE L IS T ,  THEN FINDING THE NEXT LOWEST DATA ITEM AND MOVING 00001600
42 * IT , ETC. * E TC . , ETC. GRAPHICALLY, IT LOOKS LIKE THIS: 00001700
43 ❖ 00001800
44 * LEGEND: SCAN no IS THE ORIGINAL L IS T .  THE + SIGN SHOWS THE 00001900
45 * START VALUE FOR THE NEXT SCAN. 0 0 0 0 2 0 0 C
46 * 0 0 002100
47 SCAN #0 #1 #2 #3 #4 n 5 00002200
48 * 00002300
49 * * + 5 1 1 1 1 1 NUMBER OF SCANS = N - 1 . 00002400
50 * D 6 + 6 2 2 2 2 (EACH IS SHORTER THAN THE LAST) 00002500
51 ❖ A 4 4 +4 3 3 3 NUMBER OF COMPARES = N( N—1 ) /2 00002600
52 * T 1 5 5 + 5 4 4 00002700
53 ❖ A 2 2 6 6 + 6 5 NUMBER OF DATA MOVEMENTS 00 002800
54 * # 3 3 3 4 5 6 (WORST CASE) = N—1 • 00002900
55 * 00003000
56 * A ' SCAN' IS A SINGLE PASS THROUGH THE L IS T . 00003100
57 * 00003200
58 ❖ THIS PARTICULAR SAMPLE WILL SORT A L IST OF HALF-WORD 00003300
59 QUANTITIES IN THE L IST  CALLED ' IN P U T '  INTO ORDER BACK INTO 00003400
60 * THE SAME L IS T .  WHEN FINISHED, A DUMP IS TAKEN TO VERIFY THE 00003500
61 £ ACCURACY OF THE SORT • 00003600
62 * 
53

00003700
00003800



LINEAR SELECTION FINDING THE SMALLEST PAGE 3

LQC OBJECT CODE A D DR 1 ADDR2 STMT SOURCE STATEMENT F08APR70

65 * IN IT IA L IZ E  THE REGISTERS FOR THE OUTER LOOP.
66 *

0 0 0 0 2 A 9 89B C26E 00274 67
68 *

LM R 9 ,R 1 1 ,= A ( IN P U T ,2 , INPTEND-3)

69 * IN IT IA L IZ E  THE REGISTERS FOR THE INNER (SELECTING) LOOP.
70 *

00002 E 9867 C262 00268 71 SORTPASS LM R6 ,R7 ,= A (2 ,INPTEND —1)
000032 1889 72 LR R8,R9 SET THE NEW LOWER END ADDRESS.
000034 1858 73

74 *
LR R5,R8 ASSUME THAT I T 'S  THE LOWEST VALUE.

75 * SEARCH FOR THE SMALLEST VALUE IN THE LIST
76 *

000036 D501 5000 8GG0 OOGOO 00000 77 COMPARE CLC 0 ( 2 , R 5 ) , 0 ( R 8 ) COMPARE TWO VALUES
00003C 47D0 C03C 00042 78 BNH LOWER BRANCH, PREVIOUS LOW S T IL L  HOLDS
000040 1858 79 LR R5 , R 8 NEW LOW FOUND, SAVE ITS ADDRESS
C00G42 8786 CG3 G 00036 80 LOWER

81 *
82 *

BXLE R8 , R 6 ,COMPARE CONTINUE TO END OF LIST

AT THEi END OF ANY GNE PASS, REG 5 ADDRESSES THE LOWEST VALUE
83 * REMAINING IN THE L IS T .
84 *

000046 □ 2 01 CC68 5000 0006E 00000 85 MVC L IN E TEM P ,0 ( R 5 ) MOVE LOWEST TO TEMPORARY SAVE AREA
0C0G4C D2 C1 50 CO 9Ü0G 00000 00000 86 MVC 0 ( 2 , R 5 ) f 0(R9) REPLACE WITH POSITIONALLY LOWEST.
000052 0201 9 COO CC68 OOOCG 0006E 87 MVC 0 ( 2 ,R 9 ) ,L IN ETEM P  PUT THE LOWEST BACK IN THE L IS T .
000058 879A CG28 0002 E 88

89 *
BXLE R9,RIO ,SORTPASS CONTINUE UNTIL END OF LIST  IS FOUND.

00005C 0001 90 DC H* 1• CREATE A DUMP TO SEE THE OUTPUT LIST
00005 E 47F0 CÜ6 A 00070 91 B PASTLINE BRANCH AROUND THE TABLE.

000062 0019001300210029 93 INPUT DC H ' 2 5 ,1 9 ,3 3 , 4 1 ,1 6 ,2 2 '
CQ006E 94 INPT END EQU *
0C006E 95 LINETEMP DS H TEMPORARY SAVE AREA .
000070 96 PASTLINE DS OH

9 8 #*$#£* $#*##****:***❖ #*##**#*:*#*#:£****❖ ***##*###*#*#**###**#**#*** ##*#*** 
99 *

100 * ANSWER THESE QUESTIONS ABOUT THE LINEAR SELECTION ROUTINE
101 * AND THE MATCHING DUMP.
102 *
103 * 1. USING THE DUMP, WHAT WILL BE THE ADDRESS IN REG. 5 AT THE
104 * END OF SCAN # 2  ?
105 *
106 * 2. WHAT WILL BE THE ADDRESS IN REG. 9 AT THE START OF SCAN 2 ?
107 *
108 * 3. HOW MANY TIMES WILL THE 3 MVC'S BE EXECUTED DURING THE
109 * SORT ?
110  *
111 * 4. IF  THE F IRST ITEM IN THE LIST  WERE A '0 * ,  WOULD THE THREE
112 * •MVC' INSTRUCTIONS STILL  BE EXECUTED IN THE FIRST SCAN ?
113 *
114 ***********************************************************************

9 /17 /7 0

00004000
00004100
00004200
00004300
00004400
00004500
00004600
00004700
00004800
00004900
00005000
00005100
00005200
00005300
00005400
00005500
00005600
00005700
00005800
00005900
00006000
00006100
00006200
00006300
00006400
C0006500
00006600

00 006 800 
00006900 
00007000 
00007100

00007300
00007400
00007500
00007600
00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00008500
00008600
00008700
00008800
00008900



REGS 0-7 FFFFFF2E 00063FF8 0001CF1C 00000000 0001B3A8 00058044 00000002 00058045
REGS 8-15 CC058G46 00058044 00000002 00058043 6FC57FDE 000581F4 0000C7D4 0005851E

F .P .  REGS. 6G.ÖC1C6G GuOlDODC OO.OIDIIC GCQOOCOO 00.01B1C8 0Q0647C8 00.000000 OOOüOOOO

000000 00000000 00000000 00000000 00000000 00057FD8 0 0000000 FF060000 80000000 * « ........................ *
000020 FF 050001 40C7F04A F FA50001 6F058036 OOOOFFCO 00000000 F E040234 80000A1E * ........................0 . . *
000040 00000000 04000000 00G014D0 00005920 083D5600 000C996C C0040000 00007498 ...........
00006C 00040000 0G007BC8 00040000 00007588 00000000 00012D10 00040000 0000 75 IA ...........

0 57 FC 0 96204177 000847F 0 96085 87 C 9C6647F0 95C6D500 9CD59CA7 90ECD00C 05CQ41F0 * ............................

057FE0 C2165GF0 Ü0G850DF 000418DF D7Q3DG08 D00858F0 C26AD201 F000C022 47F0C024 *B .........................

C58000 07FE9896 C26E9867 C2621889 1858D501 50008000 47D0C03 C 18588786 C 0300 201 * . . . . B . . K.*
058020 C 068500 0 D2015000 9000D201 9000C068 879AC028 00014 7F 0 C06A0010 00130016 * . . . . K . • *
058040 00190021 00290021 41400010 415 0 OC 08 960 ICO FC 9602C0FC 41800002 11884168 * ..................... .
058060 00024186 00021946 4740C0A4 41E6C0EA 41F8C0EA D501E000 F00047 20 C0CA47F0 * .............
058080 C0809101 Cu FC47 80 C0E44650 C0B447F0 C0E494FE C0FC9102 C 0FC4780 C07694FD  ̂.............

0580A0 C0FC1688 47F0C08Q D701E000 F000D701 FOOOEOO0 D701E000 F 00096 01 C0FC47F 0 * ................... 0 .

o0-oCL
0 5 80C0 C 0800003 47F0C0FE 0019000F 002 80025 00150041 00020013 00630020 1B2249 20 * ...................0 .
0580E0 C 1724780 C15A4132 00024IE 2 C 16 241F 2 C 16 OD 501 EOOOFOOO 474CC126 41220002 * A . . . A . . . . . .SA . .2 A . N . . .0  . . A. . . . . *

058100 47FGC100 D7G1ECC0 F000D7C1 F OOOECOO D701EG00 F0004B20 C 27 A122 2 4740C154 * . O A . P . . • O . P . O . . . P . . . 0 . . . B. • . • A .*
058120 41E2C162 41F2C160 D501E000 F 0004740 C 1261823 47F0C100 000447FO C17 400 5 7 * . S A . . 2 A .N . . .0 .  . A . . • • iOA. . . .OA . .  • *
058140 0043005 E G0020 004 0001005 A 01BD0057 0 0 1041B0 C1EE5820 C2021B33 88200001 * ............................. .  • *
058160 12224780 C 2 08 41E 3 BOO 241F2 30001AFF 1AFBD501 EOOOFOOO 4720C1B2 41330001 * . . . . B . .
058180 41023000 5900C202 4780C17C 47F0C188 1843D201 C206E00C D201E000 FQ00D201 - ...........B
0 5 81A 0 F 0COC 206 19324780 C1E81B32 47D0C1E8 41E3B002 41F23000 1AFF1AFB D501E000 * o . ö . . . . . A Y . . . . A Y .T . .  . 2 . . . . . .N. • • #
0581C0 F00C4720 C1B41834 47F0C19E OOQC0055 003 AO 004 00160017 0027003 E 00050002 *0 . . . A • .

0 5 81E 0 0000000 A 83D60Ö05 5 8DD0004 98ECDG0C 07FE0000 000432E 4 00063F 68 00000000 * ................... 0 .

058200 0004331C 000432 E4 00000000 00000000 0 0 0 00000 00000 0 0 0 31043 3 OB 40000005 ❖

w 058220 08043310 ooooooco OE 000000 OÜOOOCOO 0004A6D0 FF024000 00043338 00043340 * .............................

o  05 824 0 00000002 00058045 0005 8 51E C005803A 00000002 00058043 0C02400C FF0540C0 * ............................. .  *

05 826 C 9ÖECDG0C 05C004F0 07004110 C0100511 0FC58304 7FFF0A0 E 58B00010 9 110B074 * .............................

058820 50401010 4340 A008 12444780 885C482 0 A00E5420 8A9E478 0 87FC062 0 5A20B010 ^  • . . .  . .  . *



LINEAR SELECTION . . .  FINDING THE SMALLEST. PAGE

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131

ANSWERS FOR THE LINEAR SELECTION SORT.

1. REGISTER 5 WILL CONTAIN THE ADDRESS OF • INPUT+2'
OR X'oS&CtfC,1 -

2.  REGISTER 9 WILL CONTAIN THE ADDRESS OF • INPUT+2*
or x 'oÉSóac*  •

3. THERE WI LL BE 5 EXCHANGES * ONE PER SCAN.

4.  YES,  BECAUSE THERE IS NO CHECK FOR ITEMS ALREADY LOCATED 
IN THEIR OWN SPOT.

00009100
00009200
00009300
00009400
00009500
00009600
00009700
00009800
00009900
00010C00
00010100
0001C200
00010300
00010400
00010500
00010600



P A I R  INTERCHANGING PAGE 5

LGC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F0 8  APR70

133 *******
134 *
135 *
136
137
138
139
140
141
142
143
144
145
146
147
148
149 
1 5C
151
152 
1 53

***************************************************** ****** ***=?

THIS IS AN EXAMPLE OF THE "PA IR  INTERCHANGING" SORT 
TECHNIQUE.

THE PAIR INTERCHANGE IS ANOTHER FORM OF SORT WHICH TAKES 
ADVANTAGE OF THE NATURAL ORDER OF THE DATA. EACH PASS 
THROUGH THE DATA ACTUALLY MAKES ONLY HALF THE POSSIBLE 
NUMBER OF COMPARES.
THE 1ST AND 2ND , 3RD AND 4TH, E T C . ,  ARE COMPARED AND 
INTERCHANGED IF OUT OF ORDER. A SCAN IS COMPLETED WHEN 
ALL THE "ODD-EVEN" PAIRS HAVE BEEN COMPARED. IN THE NEXT 
SCAN, THE 2ND AND 3RD, 4TH AND 5TH , ETC . ,  ARE COMPARED.
WHEN ALL THE "EVEN-ODD" PAIRS HAVE BEEN COMPARED, THE 
SECOND SCAN IS COMPLETED. THESE 2 SCANS MAKE UP A "C Y C LE " .
A MINIMUM OF 2 AND A MAXIMUM OF N SCANS ARE REQUIRED TO 
COMPLETE THE SORT. OR, THE SORT IS COMPLETE WHENEVER NO 
EXCHANGES ARE MADE ON ANY SCAN AFTER THE SECOND.

TWO NUMBERS CONNECTED BY *<->• (SHOWN VERTICALLY IN THE 
DIAGRAM) INDICATES A COMPARISON TAKING PLACE . IN THE PLACES

1 54 * WHERE THE ENTRIES ARE CONNECTED BY •<X>* , AN INTERCHANGE IS
155 * INDICATED, AND WILL TAKE PLACE . (THE ACTUAL INTERCHANGE WILL
156 * SHOW UP IN THE LIST AT THE END OF THE SCAN). THE NUMBERS TO
157 * THE LEFT ON THE SCAN LINE SHOW THE LIST AT THE START OF THE
158 * SCAN, THOSE AT THE RIGHT SHOW THE LIST  AT THE END OF THE SCAN
159 * AND AT THE START OF THE NEXT SCAN.
160 *
161 * CYCLE # 1 # 2 # 3 H 4
162 *
163 * SCAN #1 #2 #3 #4 #5 #6 #7 #8
164 *
165 * * 5< + 5 5< + 1 1<+ 1 1< + E
166 * * 1 X 1 ! N
167 * * 6< + 6< + 1< + 5 <+ 2 < + 2< + 2< + D
168 * D X X 1
169 * A 4< + 1< + 6< + 2<+ 5< + 3<+ 3< + 0
17C * T X X X I F
171 * A 1< + 4< + 2<+ 6 <+ 3< + 5< + 4< +
172 * * X X X S

173 * * 2< + 2< + 4< + 3< + 6 < + 4< + 5< + 0
174 * * 1 X X 1 R

175 * * 3< + 3 3 0 4 4< + 6 6< + T
176 *
17 7 * L A S T SCAN ( #8 ) IS  NOT R E Q U I R E D , B E C A U S E NO I N T E R C H A N G E S

178 * TOOK P L A C E D U R I N G  SCAN #7 •
1 7 9 *
1 8 0 ** ************ ******:**** * **** ***** ***** **************** *****:

00010800 
00010900 
00011000 
00011100 
00011200 
00011300 
00011400 
00011500 
00011600 
00011700 
00011800 
00011900 
00012000 
00012100 
00012200 
000123GO 
00012400 
00012500 
00012600 
00012700 
00012800 
00012900 
00013000 
00013100 
00013200 
00013300 
00013400 
00013500 
00013600 
00013700 
00013800 
00013900 
00014000 
00014100 
00014200 
00014300 
00014400 
00014500 
00014600 
00014700 
00014800 
00014900 
00015000 
00015100 
00015200 
00015300 
00015400 
OC015500

9 / 1 7 / 7 0



PAGE 6PAIR INTERCHANGING.

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17 /70

000070 4140 0010 00010 182 LA R4 1 PA IR END—PA IR L IS T—L«PA IR L IST  RELATIVE END OF L IS T . 00015700
000074 4150 0008 00008 183 LA R5» PAIRNUMB NUMBER OF ITEMS IN THE L IS T . 00015800
0C0C78 9601 CGFC 00102 184 01 SWtPAIRSWi SET SWI TO 1. 00015900
C0007C 96C2 COFC 0 0 1G2 185 PAIRLOOP 01 SW,PAIR SW2 SET SW2 TO 1. 00016000
000080 4180 0002 00002 186 LA R8 , L* P A IRLI  ST ELEMENT LENGTH. 00016100
000084 1188 187 LNR R8 , R 8 -  ELEMENT LENGTH. 00016200
000086 4168 0002 00002 188 PAIRLP1 LA R6 , L ' P A I R L I S T ( R 8 ) 00016300
00008A 4186 0002 00002 189 LA R8 , L * P A IR L I S T !R 6 ) 00016400
00008E 1946 190 CR R4,R6 END OF SCAN ?? 00016500
000090 4740 CCA4 OOOAA 191 BL PAIRTEST YES 00016600
000094 41E6 COEA OOOFO 192 LA R 1 4 ,P A IR L IS T !R 6 )  NO, SET LIP THE COMPARISON 00016700
000C98 41 F8 CCEA OOOFO 193 LA R 1 5 ,P A IR L IS T !R 8 )  ADDRESSES. 00016800
00009C D501 EOOO FGGQ 00000 OOOOO 194 CLC O IL* PA IR L IS T* R 14 ) ,Q (R 1 5 )  OUT OF SEQUENCE ?? 00016900
0 000A2 4720 COCA OOODO 195 BH INTRCHNG YES, GO EXCHANGE THEM. 00017000
0C00A6 47F0 C080 00086 196 B PAIRLP1 NO, CONTINUE THE SCAN. 00017100
OOOOAA 9101 CCFC 00102 197 PAIRTEST TM SWtPAIRSWl WERE THERE ANY INTERCHANGES ? 00017200
OODOAE 4780 CGE4 OOOEA 198 BZ PAIROUT NO INTERCHANGES, EX IT . 00017300
000082 4650 CÖB4 OOOBA 199 BCT R5,**8  * SCANS * # OF L IST  ELEMENTS ? 00017400
C00086 47F0 C0E4 OOOEA 200 B PAIROUT YES, EXIT 00017500
OOOOBA 94FE COFC 00102 201 NI SW,255-PAIRSW1 NO, *ESET SWITCH 1. 00017600
0000B5 9102 COFC 00102 202 TM SW,PAIRSW2 F IRST OR SECOND SCAN OF THIS CYCLE ? 00017700
00G0C2 4780 C 076 0007C 203 BZ PAIRLOOP SECOND-, GO TO LOOP. 00017800
000CC6 94 FD COFC 00102 204 NI SW,X«FF«-PAIRSW2 F IR S T ,  SET SW2 TO ZERO. 00017900
OOOOCA 1B88 205 SR R8 , R 8 00018000
OOOOCC 47F0 CC8w 00086 206 B PAIRLP1 00018 ICO
OCOCDO 0701 EOOO FÜCO OOOGO OOOOO 207 INTRCHNG XC 0 ! L « P A IR L 1 S T ,R 1 4 T ,0 ( R151 00018200
0 0 0 0D6 D701 FOGG EOOO OOOOO OOOOO 208 XC 0 (L • P A IR L IS T , R 1 5 ) , OCR 14) 00018300
OOOOOC D701 EOOO FOOO OGOOO OOOOO 209 XC 0 ( L * P A IR L IS T ,R 1 4 I ,0 (R 1 5 J 00018400
0C00E2 9601 CCFC 00102 210 01 SW,PAIRSW1 SET SWI TO 1. 00018500
0000E6 47 F 0 C080 00086 211 B PAIRLP1 00018600
OOOOEA 0003 212 PA I ROUT DC H* 3 « TAKE A DUMP TO SEE THE LIST 00018700
OOOOEC 47F0 COFE 00104 213 B PAST INTG BRANCH AROUND THE TABLE 00018800

OOGCPO CC19 OOOF 00 280025 215 PA IRL IST DC H • 2 5 , T 5 ,4 0 ,3 7 ,2 1 ,6 5 ,  02, 19,99* 00019000
000102 216 PA IREND EQU * 00019100
000102 00 217 SW DC X«0« 0C019200
000008 218 PAIRNUMB EQU ( ( PAIREND-PA I R L 1ST)/L« P A I R L I S T ) - l 00019300
000001 219 PAIRSW1 EQU 1 SWI 00019400
000002 220 PAIRSW2 EQU 2 - SW2. 00019500

222 «s********************************************************************* 00019700
223 * 00019800
224 * ANSWER THESE QUESTIONS ABOUT THE PAIR INTERCHANGE SORT. 00019900
225 * 00020000
226 * 1. WHICH BIT  IN •SW* IS USED TO DETERMINE WHEN WE HAVE 00020100
227 * COMPLETED A CYCLE ? 00020200
228 * 00020300
229 * 2. WHAT NUMBER WILL BE AT LOCATION « PA IR L IS T 1 AFTER 2 CYCLES ? 00020400
230 * 00020500
231 * 3. WHICH INSTRUCTION!S) DETERMINE WHERE THE SCAN WILL START ? 00020600
232 * 00020700
233 ***#=>;:***#******£**## **************************************************** 00020800



F . P REGS 8 0 . Ö C 1 C 8 0  GÜ01D0DC OO .C1D 11C  C COCOCOG 0 G . 0 1 6 1 C 8  0 0 0 6 4 7 C 8 OG.OOGÜOG OCOOOOOO

REGS 0-7 FFFFFF2E 00063FF8 0001CF1C 00000000 00000010 00000001 00000012 00058043
REGS 8-15 00000014 00058044 00000002 00058043 6F057FDE 000581F4 000580D6 000580D8

000000 OOOCOOOO OCOOOOOO 0 0 0 00 0 0 0 00000000 00057FD8 OOOCOOOO FF 060000 80000000 * ......... .. ,
000020 F F A50003 6F0075 88 FFA50001 4F0580C4 COOOFFOO 00000000 FFA50235 AF058516 * .............
000040 00057480 0C80G0CB 0006BDC 8 00005920 083CFC00 0000996C 00040000 00007498 * ............. ...........$
0 GO06 0 00040000 00007BC8 00040000 00007588 OOCOOOOC 00012D10 C C040000 0000751A ........... *

057FC0 96204177 000847F 0 96085870 9C6647F0 9 5C6D500 9CD59CA7 90 ECDOOC 05C041F0 * .............
057FE0 C21650FD 000850DF 000418DF D 7030 008 D00858F0 C26AD201 F000C022 47F0C024 *B ...........
058000 07FE989B 026 E9 867 C2621889 18580501 50008000 47D0C03C 18588786 C030D201 * . . . . B . .
058020 C 0685 00 0 D2015000 9QG0D201 9CÜ0C068 879AC028 000147F0 C06A0010 00130016 • • • • . . #
058040 00190021 00290021 41400010 41500008 9601C0FC 9602C0FC 41800002 11884168 $ ............. ........... ❖
058060 00024186 00021946 4740C0A4 41E6C0EA 41F8C0EA D501E000 F0004720 C0CA47F0 * .............
058080 C 08 09101 C uFC4780 C0E44650 C0B447F0 C0E494FE C0FC9102 C0FC4780 C07694FD * .............
0580A0 CCFC1B88 47F0C080 D701E000 F000D701 FOOOEOOO D7G1E00C F 00096 01 C0FC47F 0 * .........0 .
0580C0 C 08 00003 47FGCCFE 0002000F 00130015 00190025 00280041 00630020 1B22492C * .........0 .
0580E0 C 17 247 80 C15A4132 00024IE 2 C 16 24 IF 2 C160D501 EOCOFOOO 4740C126 41220002 * A . • • A • • . . .  .SA . . 2 A . N . . . 0 • • A .........*
05 81C 0 47FGC100 Ü701EC00 F000D7C1 FOOOEOOO D701E000 F0004B20 C27A1222 4740C154 * . O A . P . . .O .P .O • • • P • • • 0 • • .B . . . .  A .*
058120 41E2C162 41F2C16C D501E000 F 0004740 C1261823 47F0C100 000447 FO C 17 40057 * .S A . . 2A .N . . .0 . . A . . . .OA • • • o >

058140 0043005 E 00G20 004 0001005A 01BD005 7 001041 BO C1EE5820 C2021B33 88200001 * .............
058160 12224780 C20841E3 B00241F2 30001AFF 1AFBD501 EOOOFOOO 4720C1B2 41330001 *. . . .B . .
058180 41023000 5900C202 4780C17C 47F0C188 1843D201 C206E000 D201E000 F000D201 * ...........Ö
0 5 81A 0 F000C206 19324780 C1E81B32 47D0C1E8 41E3B002 41F23000 1AFF1AFB D501E000 *0 • B • ••• . A Y . . . . A Y . T . . . 2 . • • • . .N . . .*
0581C 0 f 000472G C1B41834 47F0C19E 000C0055 003 AO 004 00160017 0027003E 00050002 $0 . . . A •• . . O A . . ........... *

0 5 81E 0 OOGCOGGA 83D600C 5 58DD0004 98 ECDOOC 07FE0000 000432 E4 00063F68 00000 0 0 0 * .........0 . ...........*

058200 00043310 000432 E4 OCOOOOOG 00000000 OOOCOOOO OOOCOOOO 310433 OB 40000005 * .............

g  058220 08043310 00000000 OEOOOOOO OCOOOOOO 0004A6D0 FF024000 00043338 00043340 * .............

5  058240 00000002 00058045 0005 851E 0005803A 00000002 00058043 0002400C FF05400 0 * ........... ..

058260 90ECD00C 05C004F0 07004110 C0100511 0F058304 7FFF0A0E 58B00010 911 OB 074 #.............

0 5 8 8 2 C 5 0 4 01G1 G 434CA0C8 12444780 8 85C482 0 A00E5420 8A9E4780 87FC0620 5A20B010 $ .............
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PAIR INTERCHANGING PAGE 7

235 * ....................................   00021000
236 * 00021100
237 * ANSWERS TO THE PAIR INTERCHANGE SORT. 00021200
238 * 00021300
239 * 1. THE SWITCH CALLED 1SW2' IS USED TO DETERMINE THE END OF A 00021400
240 * CYCLE. 00021500
241 * 00021600
242 * 2. ITEM ' 1 5 '  WILL BE LOCATED AT 'PA IR L IS T*  AFTER 2 CYCLES. 00021700
243 * 00021800
244 * 3. THE START OF THE SCAN IS SET UP BY THE CHOICE OF BRANCHING 00021900
245 * TO • PA IRLOOP1 OR • P A I R L P I S  BROUGHT ABOUT BY THE INSTRUCTIONS 00022000
246 * JUST IN FRONT OF ' INTRCH NG '.  00022100
247 * 00022200
248 * ..................................................................................................  00022300

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70
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000104

LOC

SIFTING (BUBBLING). PAGE

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/70

2 50
251
252
253 
2 54
255
256
257
258 
2 59 
260 
261 
262 
2 63 
2 64
265
266
267
268
269
270
271
272

PAST I NTG DS OH
JÉ # # # # * *# * # # # # * ** # # # # * # #  I**# # # # # # # # # **# #

*
* ANOTHER METHOD OF SORTING THAT IS QUITE SIMILAR TO EXCHANGING
* IS CALLED "S IF T IN G " .
* "S IF T IN G "  OPERATES A BIT DIFFERENTLY IN THAT IT WILL WORK
* WAY BACK TO THE TOP OF THE L IS T  UNTIL ITS NEW-FOUND LOW
* NUMBER CAN BE PUSHED NO LOWER IN THE L IS T .  AT THIS POINT,
* RETURNS TO THE PLACE WHERE IT LEFT OFF IN THE L IS T  AND
* PROCEEDS TO SCAN TOWARDS THE BOTTOM LOOKING FOR ANOTHER
* OUT-OF-SEQUENCE NUMBER, WHICH IT WILL AGAIN
* APPROPRIATE POSITION TOWARDS THE TCP OF THE
* THIS ACTION OF SHOVING THE SMALLEST NUMBERS
* L IS T ,  THIS METHOD IS ALSO CALLED "BUBBLING".

THIS TECHNIQUE REDUCES THE NUMBER OF COMPARES OVER THE 
"EXCHANGING" TECHNIQUE. NUMBER OF SCANS = 1, MINIMUM COMPARES 
= N—1, MAXIMUM = (1^SUMMATION(J = 3 TO N ) OF ( J - 1 ) ) .

ITS

IT

TAKE TO ITS 
L IS T .  BECAUSE OF 
TO THE LOW END OF 

IN MOST CASES,

LEGEND: VERTICAL SEPARATION USING A STROKE « 
COMPARE BEING MADE, SEPARATION WITH

r
AN

NEED FOR 
THE NEXT

AN EXCHANGE, 
COMPARE.

WHICH IS CARRIED

INDICATES A 
' X '  SHOWS A 
OUT BEFORE

00022500
00022600
00022700
00022800
00022900
00023000
00023100
00023200
00023300
00023400
00023500
00023600
00023700
00023800
00023900
00024000
00024100
00024200
00024300
00024400
00024500
00024600
00024700

273 * COMPARE #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 #14 #15 00024800
274 * 00024900
275 * * 5<+ 5 5< + 4 4 4< + 1 1 1 i o 1 1 1 1 N 00025000
276 * * I X X 1 0 00025100
277 * * 6< + 6< + 4< + 5 5<+ 1< + 4 4 4 0 2 0 2 2 2 2 0 T 00025200
278 * * X X X 1 00025300
279 * D 4 4 0 6 6 <+ i o 5 5 5 0 2 0 4 4 4 4 0 3 0 R 00025400
280 * A X X X E 00025500
281 ❖ T 1 1 1 1< + 6 6 6 <+ 2 0 5 5 5 5 0 3 0 4 Q 00025600
282 A X X U 00C25700
283 * 2 2 2 2 2 2 2< + 6 6 6 6 0 3 0 5 5 I 00025800
284 * * X R 00025900
285 * * 3 3 3 3 3 3 3 3 3 3 3 0 6 6 6 E 00026000
286 * D 00026100
287 * • 00026200
288 ** ##### 00026300
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SIFTING (BUBBLING) . PAGE

LOC OBJECT CODE A DDR 1 ADDR2 STMT SOURCE STAT

000104 1B22 290 SR
000106 4920 C172 00178 291 SIFTLOOP CH
00010A 4780 C15A 00160 292 BE
00010 E 4132 0002 0 0002 293 LA
000112 41E2 C162 00168 2 94 LA
000116 41F 2 C160 00166 295 LA
0 0 0 1 1 A D501 EOOO FOGG 00000 00000 296 CLC
000120 4740 C 12 6 0012C 297 BL
000124 4122 0002 0 C 0 0 2 298 LA
000128 47F 0 C100 00106 299 B
0 0 0 1 2C D701 EOOO FOOD 00000 00000 300 REVERSE XC
000132 D701 F 000 EGOu GOOOO 00000 301 x c
000138 D7 01 EOOO FOCO OGOOO 00000 302 XC
00013E 4B20 C27A 00280 3 03 SH
000142 1222 304 LTR
C00144 47 40 C154 0015A 305 BM
000148 41E 2 C 162 CO 16 8 306 LA
0 0 014 C 41F2 C160 00166 307 LA
C 00150 D5G1 EOCC F 000 GOOOO GOOGG 308 CLC
000156 4740 C 126 0012C 309 BL
00015A 1823 310 FORWARD LR
00C15C 47F 0 C1C0 00106 311 B

000160 0004 313 S IFTE X IT DC
000162 47 FO C 174 0017 A 314 B

000166 00570043005E0002 316 SIFTDATA DC
000178 0010 317 SIFTD ISP DC
0 0 017 A 318 SHELLSTR DS

R2,R2
R2 , S IFTD ISP 
S IFTEX IT
R3 , L * SIFTDAT A (R2 ) 
R14,SIFTDATA+L* SI 
R 1 5 ,S IFTD A T A (R 2 ) 
0 ( L 'S IFT D A T A ,R 1 4 )
REVERSE
R2,L« SIFTDATA(R2) 
SIFTLÜOP
0 ( L * S I FT DAT A , R I 4) 
G(L« S IFTDATA,R15) 
0 (L*S IFTDATA ,R14 )  
R2 , =AL2( L * SI FTDAT
R2 * R2 
FORWARD
R14,SIFTDATA+L*SI 
R I 5 , S IFTD ATA !R2 ) 
0 (L*S IFTDATA ,R14 )
REVERSE
R2,R3
SIFTLOOP

F08APR70

SET INDEX TO 0 .
IF INDEX = END OF L IS T ,

EX IT .
OTHERWISE REMEMBER THE NEXT ITEM. 

FTDAT A(R2)
SET UP ADDRESSES OF TWO ITEMS,

, 0 ( R I 5) COMPARE THEM,
IF  OUT OF SEQUENCE, SWAP, 
OTHERWISE, SET UP FOR NEXT 
TWO ITEMS AND CONTINUE.

, 0 ( R15) SWAP TWO ITEMS 
, 0(R14)
, 0 ( R I 5)
A) SET INDEX = TO PRECEEDING ITEM 

IF < 0, RETURN TO FORWARD SCAN.

FTDAT A ( R 2 )
SET UP TWO ADDRESSES FOR BACKWARD 

, 0 ( R I 5) SCAN AND COMPARE THE DATA.
IF  OUT OF ORDER, SWAP AND CONTINUE. 
SET INDEX = REMEMBERED HIGH ADDRESS« 

AND GO BACK TO FORWARD SCAN.

H' 4*
SHELLSTR

TAKE A DUMP TO VERIFY SORT WORKS. 
BRANCH AROUND TABLES.

H ' 8 7 , 6 7 ,9 4 , 2 , 4 , 1 , 9 0 ,4 4 5 ,8 7 *
AL2 (S IFTD IS P-S IFTD A TA -L*  SIFTDATA) 
OH

9/17 /70

00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300
00027400
00027500
00027600
00027700
00027800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600

00028800
00028900

00029100
00029200
00029300

320
321
322
323
324
325
326
327
328
329
330
331
332
333
334

***********************************************************************

* ANSWER THESE QUESTIONS ABOUT THE SIFTING  SORT ROUTINE.
*

* 1. WHICH INSTRUCTION!S) DETERMINE THE END OF THE SORT ?

*

❖
*
*
*
❖
*

2. WHICH INSTRUCTION!S) STOP US FROM «BUBBLING* OFF THE LOW 
ADDRESS END OF THE LIST ?

3. HOW MANY SCANS WILL IT  TAKE TO COMPLETELY SORT THIS LIST  ?

4. WHICH WILL BE THE 3RD ITEM TO OCCUPY THE LOWEST ADDRESS
IN THE LIST  (EXCLUDING 87, WHICH WAS THERE AT THE START) ?

******************************** ************* **************************

00029500
00029600
00029700
00029800
00029900
00030000
00030100
00030200
00030300
00030400
00030500
00030600
00030700
00030800
00030900
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REGS 0 - 7  F F F F F F 2 E  0 0 0 6 3 F F 8  0 0 0 0 0 0 1 0  0 0 0 0 0 0 1 0  0 0 0 0 0 0 1 0  0 0 0 0 0 0 0 1  0 0 0 0 0 0 1 2  0 0 0 5 8 0 4 5

REGS 8 - 1 5  0 0 0 0 0 0 1 4  0 0 0 5 8 0 4 4  0 0 0 0 0 0 0 2  0 0 0 5 8 0 4 3  6 F 0 5 7 F D E  0 0 0 5 8 1 F 4  0 0 0 5 8 1 4 8  0 0 0 5 8 1 4 6

F . P .  R E GS .  8 C . 0 C 1 C 8 0  0001D0DC  0 0 . 0 1 D 1 1 C  OCOOOOOO 0 0 . 0 1 B 1 C 8  0 0 0 6 4 7 C 8  0 0 . 0 0 0 0 0 0  0 0 0 0 0 0 0 0

0 0 0 0 0 0 OOOöOOOC OGOOGOCO 0 0 0 0 0 0 0 0 OCOOOOOO 0 0 0 5 7 F D 8 0 0 0 0 0 0 0 0 F F 0 6 0 0 0 0 8 0 0 0 0 0 0 0

0 0 0 0 2 0 F F A 5 C G Ü 3 6 F 0 G 7 5 8 8 F F A 5 0 0 0 1 4 F 0 5 8 1 3 A OOOCFFOO 0 0 0 0 0 0 0 0 F F 0 4 0 2 3 2 8 0 0 0 4 1 2  E * .............

0 0 0 0 4 0 0 0 G 6 A E 4 0 u C u O u 0 0 0 0 0 0 0 1 4 0 0 0 0 0 0 5 9 2 0 0 8 3 C 8 9 0 0 0 0 0 0 9 9 6 C 0 0 0 4 0 0 0 0 0 0 C 0 7 4 9 8 ❖ .............

0 0 0 0 6 0 0 0 0 4 G G 0 G GGGü7BC8 0 0 0 4 0 0 0 C 0 0 0 0 7 5 8 8 0 0 0 0 0 0 0 0 0 0 0 1 2 D l  0 0 0 0 4 0 0 0 0 0 0 0 0  7 5 1 A * . ...........

0 5 7 F C 0 9 6 2 0 4 1 7 7 G G G 8 4 7 F 0 9 6 0 8 5 8 7 0 9 C 6 6 4 7 F  0 9 5 C 6 D 5 0 0 9 C D 5 9 C A 7 9C E C D 0 0 C 0 5 C C 4 1 F 0 # .............

0 5 7 F E 0 C 2 1 6 5 0 F D 0 0 0 8 5 0 D F 0 0 0 4 1 8 D F D 7 0 3 D 0 0 8 D 0 0 8 5 8 F 0 C 2 6 A D 2 0 1 FOOOCO 22 4 7 F 0 C 0 2 4 * B ..........

oCDO
0 5 8 0 0 0 0 7 F E 9 8 9 B C 2 6 E 9 8 6 7 C 2 6 2 1 8 8 9 1 8 5 8 D 5 0 1 5 0 0 0 8 0 0 0 4 7 D 0 C 0 3 C 1 8 5 8 8 7 8 6 C 0 3 0 D 2 0 1 * .  . . . B .

0 5 8 0 2 0 C 0 6 8 5 0 0 0 D 2 0 1 5 C 0 0 9 0 0 0 D 2  01 9 0 0 0 C 0 6 8 8 7 9 AC 028 0 0 0 1 4 7 F 0 C 0 6 A 0 0 1 C 0 0 1 3 0 0 1 6 * .  . . . K .

0 5 8 0 4 0 0 G 1 9 0 0 2 1 C G 2 9 G 0 2 1 4 1 4 0 0 0 1 0 4 1 5 0 0 0 0 8 9 6 0  ICO FC 9 6 0 2 C 0 F C 4 1 8 0 0 0 0 2 1 1 8 8 4 1 6 8 # . . . . .  .

0 5 8 0 6 0 0 0 0 2 4 1 8 6 0 0 0 2 1 9 4 6 4 7 4 0 C 0 A 4 4 1 E 6 C 0 E A 4 1 F 8 C 0 E A D 5 0 1 E 0 0 0 F 0 0 0 4 7 2 0 C 0 C A 4 7 F 0 * .............

0 5 8 0 8 0 C 0 8 G 9 1 0 1 C 0 F C 4 7 8 C C 0 E 4 4 6 5 0 C 0 B 4 4 7 F 0 C 0 E 4 9 4 F E C 0 F C 9 1 0 2 C 0 F C 4 7 8 C C 0 7 6 9 4 F D * .............

G 5 8 0 A 0 C 0 F C 1 B 8 8 4 7 F 0 C C 8 0 D 7 G 1 E 0 0 0 F 0 0 0 D 7 G 1 FOOOEOOO D 7 0 1 E 0 0 0 F 0 0 0 9 6 0 1 C 0 F C 4 7 F 0 * .......... 0

O 58QC0 C 0 8 C C 0 G 3 4 7 F 0 C C F E 0 0 0 2 0 0 0 F 0 0 1 3 0 0 1 5 C 0 1 9 C 0 2 5 002  8 0 0 4 1 0 0 6 3 0 0 2 0 1B 2 2 4 9 2  0 * .......... 0

0 5 8 0 E 0 C 1 7 2 4 7 8 G C 1 5 A 4 1 3 2 00 0  2 4 1 E2 C 16 2 4 1 F 2 C 1 6 C D 5 0 1 EOOOFOOO 4 7 4 0 C 1 2 6 4 1 2 2 0 0 0 2 * A . . . A . .......... SA . . 2 A . N . . . 0 . . A .......... :

0 5 8 1 0 0 4 7 F 0 C 1 0 0 D 7 0 1 E 0 0 0 F 0 0 0 D 7  01 F OOOEOOO D 7 C 1 E 0 Q 0 F 0 0 0 4 B 2 0 C 27 A l  222 4 7 4 0 C 1 5 4 * . O A . P . . . O . P  . 0 . . . P . . . 0 .  . . B . . . . A . :

0 5 8 1 2 0 4 1 E 2 C 1 6 2 6 1 F 2 C 1 6 0 D 5 0 1 E 0 0 0 F 00 0 4 7 4 0 C 1 2 6 1 8 2 3 4 7 F 0 C 1 0 0 0 0 0 4 4 7 F 0 C 17 4 0 0 0 1 * . S A . . 2 A . N . . . 0 . . A .  . . . O A . . . . O A . . .

0 5 8 1 4 0 0 0 0 2 Q 0 0  4 0 0 4 3 G Ö 5 7 0 0 5 7 0 0 5 A 005  E 0 1 BD 0 0 1 0 4 1 BO C 1 E E 5 8 2 0 C 2 0 2 1 B 3 3 8 8 2 C 0 0 G  1 * .............

0 5 8 1 6 0 1 2 2 2 4 7 8 0 C 2 0 8 4 1 E 3 B 0 0 2 4 1 F 2 3 0 0 0 1 A F F 1 A F B D 5 0 1 EOOOFOOO 4 7 2  O C 1 B2 4 1 3 3 0 0 0 1 * . . . .  B .

0 5 8 1 3 0 4 1 0 2 3 0 0 G 5 9 0 0 C 2 0 2 4 7 8 0 C 1 7 C 4 7 F 0 C 1 8 8 1 8 4 3 D 2 0 1 C 2 0 6 E 0 0 0 D 2 0 1 E 0 0 0 F 0 0 0 D 2 0 1 * .............

0 5 81A 0 F 0 0 0 C 2 C 6 1 9 3 2 4 7 8 0 C 1 E 8 1 B 3 2 4 7 D 0 C 1 E 8 4 1 E 3 B 0 0 2 4 1 F 2 3 0 0 0 1 A F F 1 A F B D 5 0 1 E 0 0 C * 0 . 6 . . . . . A Y .  . . . A Y . T . . . 2 .  . . . . . N .  . .

0 5 81C 0 F 0 0 C 4 7 2 0 C 1 6 4 1 8 3 4 4 7 F 0 C 1 9 E 0 0 0 C 0 0 5 5 0 0 3 A 0 0 0 4 0 0 1 6 0 0 1 7 0 0 2 7 0 0 3 E 0 0 0 5 0 0 0 2 *0 . . .  A . . . . O A . .

05 8 1 E 0 OOOOOüGA 83 D 6G 005 5 8D D 0C04 9 8 E C D 0 0 C 0 7 F E 0 0 0 0 0 0 0 4 3 2  E 4 0 C 0 6 3 F  68 0 0 0 0 0 0 0 0 * .......... □

0 5 8 2 0 0 0 0 0 4 3 3 1 0 0 0 0 4 3  2 E4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 4 3 3  OB 4 0 0 0 0 0 0 5 ^ .............

0 5 8 2 2 0 0 8 0 4 3 3 1 G OGOOGOCO OEGOOOOO 0 0 0 0 0 0 0 0 0 0 0 4 A 6 D 0 F F 0 2 4 0 0 0 0 0 0 4 3 3 3 8 0 0 0 4 3 3 4 0 ❖ .............

0 5 8 2 4 0 0 0 0 0 0 0 G2 OOG5 804  5 0 0 0 5  8 5 1 E C 0 G 5 8 C 3 A 0 0 0 0 0 0 0 2 G 0 C 5 8 0 4 3 0 0 0 2 4 0 0 C FF  0 5 4 0 0  0 * .............

0 5 8 2 6 0 9 0 E C D 0 0 C 0 5 C 0 0 4 F 0 0 7 0 0 4 1 1 G C 0 1 0 0 5 1 1 C F C 5 8 3 0 4 7 F F F 0 A 0 E 5 8 B C 0 0 1 0 9 1 1 OB 07 4

0 5 8 8 2 0 5 0 4 G 1 G 1 C 4 3 4 0 A 0 0 8 1 2 4 4 4 7 8 0 8 8 5C 4 8 2 G A 0 C E 5 4 2 C 8 A 9 E 4 7 8 0 8 7 F C 0 6 2 0 5 A 2 0 B 0 1 0 * .  . . .



SIFTING (BUBBLING). PAGE 10

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /7 0

336 * ............      00031100
337 * 00031200
338 * ANSWERS FOR THE SIFTING SORT ROUTINE. 00031300
339 * 00031400
340 * 1. THE TWO INSTRUCTIONS: ' CH R 2 ,S I F T D IS P '  AND 'BE  S I F T E X IT '  00031500
341 * DETERMINE THE END OF THE SORT. 00031600
342 * 00031700
343 * 2. THE TWO INSTRUCTIONS: ' LTR R 2 ,R 2 '  AND 'BM FORWARD' 00031800
344 * KEEP US FROM BUBBLING TOO FAR BACK. 00031900
345 * 00C32000
346 * 3. ONLY ONE SCAN IS REQUIRED FOR ANY SIFTING SORT. 00032100
347 * 00032200
348 * 4. THE ONE (1) WILL BE THE THIRD TO OCCUPY THE LOW END OF THE 00032300
349 * L IS T .  THE ACTUAL ORDER WILL BE 67 1ST, 2 2ND, AND 1 3RD. 00032400
350 * 00032500
351 * .................................................................................................................................................... 00032600



SHELL*S METHOD OF SIFTING PAGE 11

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/17/7C

353 00032800
354 * 00032900
355 * SHELL 'S METHOD OF S IFTING. 00033000
356 ❖ 00033100
357 * THIS METHOD IS EXACTLY LIKE S IFTING EXCEPT THAT THE 00033200
358 * COMPARISONS ARE MADE BETWEEN ITEMS THAT ARE * M* PLACES 00033300
359 ❖ APART IN THE L IS T . THE VALUE OF ■ M * MAY BE CALCULATED AS 00033400
3 60 ❖ FOLLOWS: N O TE . . .* M* IS THE MODIFIER . 00033500
361 * 00033600
362 £ I NIT ALLY , * M • = N/2 (N == NUMBER OF ITEMS TO BE SORTED). 00033700
363 * 00033800
364 * FOR THE SECOND AND SUCCESSIVE TIMES , * M* IS EQUAL TO THE 00033900
3 65 * PREVIOUS VALUE OF •M» DIVIDED BY 2. I . E. M = M/2. 00034000
366 * 00034100
367 SCAN #1; MODIFIER = 6 / 2 = 3 0003420C
3 68 * COMPARE #1 #2 #3 SCAN END. 00034300
3 69 * 00034400
370 * * 5 5< 1 1 1 00034500
371 £ D 6 6 6 < 2 2 00034600
372 * A 4 4 4 4< 3 00034700
373 * T 1 1< 5 5 5 00034800
3 74 * A 2 2 2 < 6 6 00034900
375 * * 3 3 3 3< 4 00035000
376 * 00035100
377 ❖ SCAN #2; MODIFIER = 3/2 = 1 00035200
378 * COMPARE #1 #2 #3 #4 #5 #6 #7 SCAN END. 00035300
379 ❖ 00035400
380 ❖ * 1 1< 1 1 1 1 1 1 1 00035500
381 * D 2 2< 2< 2 2 2 2 2 2 00035600
382 ❖ A 3 3 3< 3 < 3 3 3 3< 3 C0035700
383 * T 5 5 5 5< 5< 5 5< 4< 4 00035800
384 * A 6 6 6 6 6< 6< 4< 5 5 00035900
385 £ ❖  4 4 4 4 4 4< 6 6 6 00036000
386 ❖ 00036100
387 ❖ SCAN #3; MODIFIER = 1 /2 =0? NO SCAN REQUIRED, END OF SORT. 00036200
388 * 00036300
389 sis###*###*************************************************************** 00036400



SHELL'S METHOD OF SIFTING. PAGE 12

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE ST ATI

00017A 41BC C IE E 001F4 391 LA
GOO 17 E 5820 C 202 00208 392 L
000182 1B33 393 RESET SR
000184 88 20 0001 00001 3 94 SRL
000188 1222 395 LTR
00018A 4780 C208 002 OE 396 BZ
00018 E 41E3 B002 00002 397 SHELLOOP LA
000192 41F2 3000 00000 398 LA
000196 1AFF 399 AR
000198 1AFB 400 AR
00019A D501 E 000 FOOO 00000 00000 401 CLC
0001A0 4720 C IB 2 001B8 402 BH
0001A4 4133 0001 00001 403 BUMP LA
0001A8 4102 3000 00000 404 LA
0001AC 5900 C 202 00208 405 C
0 0 0 1 BO 4780 C17C 00182 406 BE
0001B4 47FC C188 0018E 407 B
000 IB 8 1843 408 EXCHANGE LR
0001BA D201 C206 EOOO 002 OC 00000 409 EXCH MVC
0001C0 02 01 E 000 FOOO OOCOO OCOOO 410 MVC
0001C6 D201 FOOO C206 OGCOO 0020C 411 MVC
000 ICC 1932 412 CR
0001C E 4780 C IE 8 001EE 413 BE
0 0 0 1D2 1B32 414 SR
0001D4 47 DO C l E 8 001 EE 415 BNP
000 ID 8 41E3 B 002 00002 416 LA
0001DC 41F2 3000 00000 417 LA
0001E0 1AFF 418 AR
000 IE 2 1AFB 419 AR
0001E4 D501 EOOO FOOO 00000 00000 420 CLC
000  IEA 4720 C1B4 001 BA 421 BH
0001EE 1834 422 CONT LR
C001F0 47F0 C 19 E 001A4 423 B

424 *
42 5 ❖ DATA

000IF 4 000C0055003AÖ004 426 SHELLDAT DC
000208 COOOOOOA 42 7 NUMBER DC
00020C 428 SHELTER DS

R11 t SHELLDAT
R2,NUMBER
R3,R3
R 2 , l
R2,R2
FINISHED
R1 4 ,L 'S H ELLD A T (R3 ,  
R 1 5 ,0 (R 2 ,R 3 )
R15♦ R15 
R15 , R11
0 (L 'SH ELLD AT  ,R14) ,
EXCHANGE
R3 ,1 (R3 )
RO ,0 (R2 ,R3 )
RO,NUMBER 
RESET 
SHELLOOP 
R4t R3
SHELTER ,0(R14)
0 ( L 'S H E L L D A T , R14),
0 (L 'SH ELLD AT  ,R 1 5 ) ,
R3,R2
CONT
R3,R2
CONT
R14 , L ' SHELLDAT( R3 , 
R1 5 ,0 (R 2 ,R 3 )
R15 , R15 
R15 ,R 11
0 (L 'S H ELLD AT ,R14 )  ,
EXCH
R3,R4
BUMP

FG8APR70

ADDR. OF TABLE OF DATA.
NUMBER OF ITEMS 
INDEX = 0
MODIFIER = MOD IF IE R /2  
IF MODIFIER = 0,

SORT IS FINISHED.
R11)

GENERATE THE ADDRESSES OF THE ITEMS 
TO BE COMPARED.

0(R15)
IF  OUT OF SEQUENCE, EXCHANGE THEM. 
BUMP THE INDEX.

IF THE INDEX SENDS US OFF THE END,
GO BACK TO START (LOSE TWO TURNS).

REMEMBER WHERE WE ARE.
SWAP TWO ITEMS.

C( R 15)
SHELTER

IF INDEX = MODIFIER (RUNNING OFF LOW 
END), END OF BACKWARD SCAN. 

OTHERWISE, GO BACK SOME SPACE(S)

R l l )
GENERATE TWO MORE ADDRESSES.

0(R15)
AND CONTINUE THE SORT.
RETURN TO HIGHEST LEVEL ATTAINED. 

AND GO BUMP IT ONE.

L IS T  FOR SH ELL 'S  MODIFICATION.
H*1 2 , 8 5 , 5 8 , 4 , 2 2 , 2 3 , 3 9 , 6 2 , 5 , 2 '
A ( (* -S H ELLD A T ) /L 'S H EL LD A T )
H TEMPORARY AREA FOR SWAPPING

9 /17 /70

00036600 
00036700 
00036800 
00036900 
00037000 
00037100 
00037200 
00037300 
00037400 
00037500 
00037600 
00037700 
00037800 
00037900 
00038000 
00038100 
00038200 
00038300 
00038400 
00038500 
00038600 
00038700 
00038800 
00038900 
00039000 
00039100 
00039200 
00039300 
00039400 
00039500 
00039600 
00039700 
00039800 
0C039900 
00040000 
00040 ICO 
00040200 
00040300

430 ***********************************************************************
431 *
432 * ANSWER THESE QUESTIONS ABOUT SHELL 'S  METHOD GF S IFT ING .
433 *
434 *
435 *
436 *
437 *
438 *
439 *
440 *
441 *
442 *
443 *
444 *
445 ************************************************ ***********************

1. WHAT WILL BE THE VALUE OF THE MODIFIER (M)  DURING THE 3RD 
SCAN ?

2. HOW MANY SCANS WILL IT TAKE TO SORT 'SHELLDAT ' ?

3. WHICH I NSTRUCTI ON( S) KEEP TRACK OF THE HIGHEST ADDRESS 
REACHED WHEN WE BEGIN A BACKWARD SCAN ?

4 .  WHICH WILL BE THE FIRST 2 NUMBERS COMPARED ON THE 2ND 
SCAN (POSITIONAL VALUES, E .G .  3RD AND 9TH) ?

00040500
0004C600
00040700
G0040800
00C40900
00041000
00041100
00041200
00041300
00041400
00041500
00041600
00041700
00041800
00041900
00042000



312

REGS 0—7 OOOÖOOOA 00063FF8 OOOOOOOO OOOOOOOO 00000007 00000001 00000012 00058045
REGS 8-15 Ü0C00Ü14 00058044 00000002 Q00581CC 6F057FDE 000581F4 00Ü581D6 000581DE

F . P• REGS. 8C.001C60 0001D0DC OO.OIDIIC OOOOOOOO 00.01B1C8 0C0647C8 00.000000 OOOOOOCQ

000000 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO OOG 57FD8 OOOOOOOO FF 060000 80000000 * ...........
000020 F FA 50003 6F0075 88 FFA500C1 4F0581E8 OOOOFFOO OOOOOOOO FF050234 90068520 $ ........... . . . . . .  *
000040 0001B650 OCOOOOOO 000014D0 00005920 083C2F00 000C996C C0040000 00007498 * ...........
000060 00040000 00007BC8 00040000 00007588 OOOOOOOO 0 0 0 1 2 D10 00040000 00007 5 IA # ...........

057FC0 96204177 000847FC 96085870 9C6647F 0 9 5C6D500 9CD59CA7 90ECDOOC 05C041F0 * ...........

057FE0 C21650FD 000850DF 000418DF D703D008 D00858F0 C26AD201 F000C022 47F0C024 * B . . . . .
C58000 07FE989B C26E9867 C2621889 1858D501 50008000 47D0C03C 18588786 C030D201 *. • . . B .
058020 C06950Ö0 02015000 900CD201 9000C068 879AC 028 000147F0 C06A0010 00130016
058040 00190021 00290021 41400010 41500008 9601C0FC 9602C0FC 41800002 11884168 * ...........
058060 00024186 00021946 4740COA4 41E6C0EA 41F8C0EA D501E000 F0004720 C0CA47F0 $ ...........
058080 C0809101 C0FC47 80 C0E44650 C0B447F 0 C0E494FE C0FC9102 C0FC4780 C07694F D * ...........
0580A0 C0FC1B88 47F0C080 D701E000 F000D701 FOOOEOOO D701E00C F 00096 01 C0FC47F0 * .........0 oClO

0580C0 C0800003 47F0C0FE 0002000F 00130015 00190025 00280041 00630020 1B224920 * .........0
Q580E0 C1724780 C15A4132 C00241E2 C16241F2 C160D501 EOOOFOOO 4740C126 41220002 * A . . . A. • • • • .S A . . 2 A .N • . .0 A .........*
058100 47F0C100 D701E000 F000D7 01 FOOOEOOO D701E000 F0004B20 C27A1222 4740C154 * .O A .P . . . 0 . P . 0 . . . P . . .0 • • .B . . . . A . ^
058120 41E2C162 41F2C160 D5C1E000 F 0004740 C 1261823 47F0C100 000447F0 C1740001 * .SA. .2 A .N . . . 0 .  . A . . • •OA • • .

<o

058140 00020ÜG4 00430057 0057 00 5A 005E01BD 001041BO CIE E 5 820 C2021B33 882C0001  ̂• • • • • •
058160 12224780 C20841E3 B00241F2 30001AFF 1AFBD5G1 EOOOFOOO 4720C1B2 41330001 *. . . .B .
058180 41023000 590CC202 4780C17C 47F0C188 1843D201 C206E000 D201E000 F000D201
05 81A 0 F000C2C6 19324780 C1E81B32 47D0C1E8 4 1 E3B002 41F23000 1AFF1AFB D501E000 * 0 . B . . . . . AY . . . . A Y . T. • •2 . • • « . .N. . .*
058100 F 0004720 C1B41834 47F0C19E OOOCOOOO 00 0 00 0 0 2 00050455 17 00273A 3E001600 ♦  0 . .  .A . ...........*

0581E0 0 0 0 0 0 0 0 A 16000005 5 8DD0004 98 ECDOOC 07FE0000 000432E4 00063F68 OOOOOOOO $ ...........

058200 00043310 000432 E4 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO 31043306 40000005 * ...........

2 058220 08043310 OOOOOOOO OEOOOOOO OOOOOOOO 00C4A6D0 F F024000 00043338 00043340
10 058240 00000002 00058045 0005851E 000 5803 A 00000002 00058043 0002400C FF 054000 ^...........

058260 9CECD00C 05C004F0 07004110 C0100511 0 F058304 7FFF0A0E 58B00010 911CB074 * .......

058820 50401010 4340A008 12444780 885C4820 A00E542C 8A9E4780 87FC0620 5A20B010 *. . . . ........... *
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SHELL 'S  METHOD OF S IFT ING . PAGE 13

LOC OBJECT CODE ADDR 1 ADDR2 STMT

447

SOURCE STATEMENT F08APR70 9 /17 /7 0

00042200
448 * 00042300
449 * ANSWERS FOR THE SH ELL 'S  METHOD SORT. 00042400
450 00042500
451 * 1 . THE MODIFIER (M) WILL BE EQUAL TO 1 ON THE 3RD SCAN. 00042600
452 * 5 FOR SCAN 1, 2 FOR SCAN 2 AND 1 FOR SCAN 3. 00042700
453 * 00042800
454 * 2 . THERE WILL BE THREE SCANS ALTOGETHER. 00042900
455 * 00043000
456 * 3. THE INSTRUCTION 'EXCHANGE LR R4 ,R 3 ' KEEPS TRACK OF THE 00043100
457 MOST FORWARD POINT REACHED DURING THE SCAN. 00043200
458 * 0004330C
459 4. THE FIRST AND THIRD VALUES IN THE LIST , SINCE THE MODIFIER 00043400
460 * IS EQUAL TO 2 DURING THE SECOND SCAN. 00043500
461 * 00043600
462 #............. . 00043700

00020E 0005 463 FINISHED DC H' 5 ' 00043800
000210 58DD 0004 00004 464 L R13 ,4 (R13 ) 00043900
000214 98EC DOOC OOOOC 465 LM R 1 4 ,R12 ,12 (R 13 ) 00044000
000218 07FE 466 BR R14 00044100
00021C 467 SAVEAREA DS 18F 0004420C

468 END 00044300
000268 000000020000006D 469 = A ( 2 , 1 NPTEND—1)
OOC27C 00000000 4 70 =V( PCHKRETN)
000274 0000006200000002 471 =A( IN PU T ,2 , INPTEND-3)
0 0028 0 0002 472 = AL2(L ' SIFTDATA)
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RELOCATION DICTIONARY PAGE 1

PO S .ID R E L . ID FLAGS ADDRESS 9 /17 /70

01 01 OC 00026C
01 C l oc 000274
01 01 OC 00027C
01 02 1C 0002 70



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN REFERENCES

BR14 00002 000G28 00032 0030 0031
BUMP 00004 00C1A4 00403 0423
COMPARE 00006 000C36 00077 0080
CONT 00002 G001EE 00422 0413 0415
EXCH 00006 0001 BA 00409 0421
EXCHANGE 00002 0 0 0 1 B 8 00408 0402
FINISHED 00002 00020E 00463 0396
FORWARD 00002 0C015A 00310 0305
INPTEND 00001 00006E 00094 0067 0071 0469 0471
INPUT 00002 000062 00093 0067 0471
INTRCHNG 00006 GOGGDQ 00207 0195
LINETEMP 00002 C0006E 00095 0085 0087
LOWER 00004 000042 00080 0078
NUMBER 00004 000208 00427 0392 0405
PAIREND 00001 000102 00216 0182 0218
PAIRLIST 00002 OOOOFO 00215 0182 0182 0186 0188 0189
PAIRLOOP 00004 00GÜ7C 00185 0203
PA IRL PI 00004 G0G086 00188 0196 0206 0211
PAÏRNUMB 00001 00CG08 00218 0183
PA I ROUT 00002 OOOOEA CG212 0198 0200
PAIRSW1 00001 000001 00219 0184 0197 0201 0 2 1 C
PAIRSW2 00001 000002 00220 0185 0202 0204
PAIRTEST 00004 OOOCAA 00197 0191
PASTINTG 00002 000104 00250 0213
PASTLINE 00002 00007G 00096 0091
RESET 00002 000182 00393 0406
REVERSE 00006 00G12C 00300 0297 0309
RO 00001 QCCÜOO 00003 0404 0405
R 1 00001 000001 00004
RIO 00001 OQOOOA 00013 0088
R 11 00001 OOCOOB 00014 0067 03 91 03 97 0400 G416
R12 00001 OOOOOC 00015 0019 0020 0021 0465
R 13 00001 OGOOOD 00016 0019 0023 0024 0025 0026
R 14 00001 OOOOOE 00017 0019 0032 0192 0194 0207

0401 0409 0410 0416 0420
R15 00001 OOGOOF 00018 0022 0023 00 24 0025 0029

0302 0307 03 08 0398 0399
R2 00001 000002 00005 0290 0290 0291 C293 0294

0394 0395 03 95 0398 0404
R3 00001 000003 00006 0293 0310 0393 0393 0397
R4 0 0 0 C1 000004 00007 0182 0190 0408 0422
R 5 00001 00GG05 00008 0073 0077 0079 0085 0086
R6 00001 000006 00009 0071 0080 0188 0189 0190
R7 00001 0C0007 00010 0071
R 8 0 0 C01 000008 00011 0072 0073 0077 C079 0080
R9 00001 000009 00012 0067 0072 0086 0087 0088
SAVEAREA 00004 00021C 0C467 0022
SHELLDAT 00002 00G1F4 00426 0391 0397 0401 0410 0411
SHELLOOP 00004 G0018E 00397 0407
SHELL STR 00002 00G17A 00318 0314
SHELTER 00002 00C20C 00428 0409 0411
SIFTDATA 0 0 0G2 000166 00316 0293 0294 0294 0295 0296

0317 0472
SIFTDISP 00002 000178 00317 0291 0317
S IFTEX IT 00002 000160 00313 0292

9 /17 /7 0

0193 0194 0207 0208 0209 0218 0218

0464 0464 0465
0209
0466

0294 0296 0300 0301 0302 0306 0308 0397

0193 0194 0207 0208 0209 0295 0296 0300 0301
0400 0401 0410 0411 0417 0418 0418 0419 0420
0298
0414

0298
0417

0303 0304 0304 0306 0307 0310 039 2

0403

0199

0403 0404 0408 0412 0414 0416 0417 0422

0187 0187 0188 0189 0193 0205 0205

0420 0427 0427

0300 0301 0302 0303 0306 03 06 0307 0308 0317

0192

0419

0026
0208
0465
0030
03 99
0295
0412
0398

0183
0192

0186

0416

0298
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CROSS-REFERENCE PAGE 2

SYMBOL LEN VALUE DEFN REFERENCES 9/17 /70

SIFTLOOP 00004 000106 00291 0299 0311
SORTPASS 00C04 00002E 00071 0088
SOPTSUPL 00001 000000 00001
SW 00001 000102 00217 0184 0185 0197 0201 0202 0204 0210

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
♦ STATISTICS* SOURCE RECORDS (SYSIN) = 443 SOURCE RECORDS CSYSLIB) = 25
♦ OPTIONS IN EFFECT* LIST» NODECK, LOAD, NORENT, XREF, NOTEST, ALGN, OS, LINECNT = 55

555 PRINTED LINES
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F44-LEVEL  LINKAGE EDITOR OPTIONS SPEC IF IED  MAP, L E T , L I  ST, NCAL
VARIABLE OPTIONS USED -  S IZ E= (4 5 05 6 ,6 1 4 4 ) -  DEFAULT OPTION(S) USED

IEWOOOO ENTRY U T IL IT Y

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME

SORT SUPL 00 282
U T IL IT Y  288 5A0

PRINT 2EA PC HKRETN 546

ENTRY ADDRESS 288
TOTAL LENGTH 828

****G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

LOCATION
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QQQQQ QQ Q GQ UU u u E E F E E E E E F E E F s s s s s s s s s s u u u u PPPPPPPPPPP  LL
Q Q Q Q Q Q Q Q Q Q Q Q u u u u E E E E Ê E E E E E E E s s s s s s s s s s s s u u u u PPPPPPPPPPPP  LL
QQ QQ UU u u E E SS SS u u u u pp PP LL
QQ QQ u u u u E E SS u u u u pp PP LL
QQ QQ u u u u E E s s s u u u u pp PP LL
QQ QQ u u u u ' E E E E E E E E s s s s s s s s s u u u u PPPPPPPPPPPP  LL
QQ QQ u u u u E E E E E E E E s s s s s s s s s u u u u PPPPPPPPPPP  LL
QQ QQ QQ u u u u E E s s s u u u u pp LL
QQ QQ QQ u u u u E E SS u u u u pp LL
QQ QQQQ u u u u E E SS SS u u u u pp LL
Q Q Q Q Q QQ Q QQ Q u u u u u u u u u u u u E E  E E E E E E E E E E SSSSSSSSSSSS u u u u u u u u u u u u pp L L L L L L L L L L L L

Q QQ QQQQQ  QQ u u u u u u u u u u E E E E E E E E E E E E s s s s s s s s s s u u u u u u u u u u pp L L L L L L L L L L L L

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 
9999999999
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SYMBOL TYPE ID ADDR LENGTH LD ID
EXTERNAL SYMBOL DICTIONARY PAGE I 

13.05 9 /17 /70

QUEUEING
PCHKRETN

SO 01 000000 0001DC 
ER 02
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PAGE 1

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9717/70

000000 1 QUEUEING CSECT 0 0000100
2 COPY MHMBEGIN 00000200

000000 3 RO EQU 0 00000700
000001 4 R1 EQU 1 00000800
000002 5 R2 EQU 2 00000900
000003 6 R3 EQU 3 00001000
000004 7 R4 EQU 4 0 0 0 01100
000005 8 R5 EQU 5 0 0 0 01200
000006 9 R6 EQU 6 00001300
000007 10 R7 EQU 7 00001400
000008 11 R 8 EQU 8 00001500
000009 12 R9 EQU 9 00001600
0 0 0 0 0A 13 RIO EQU 10 00001700
00000 B 14 R l l EQU 11 00001800
OOOOOC 15 R12 EQU 12 00001900
OOOOOD 16 R 13 EQU 13 00002000
OOOOOE 17 R14 EQU 14 00002100
COOOOF 18 R15 EQU 15 00002200
000000 90EC DOOC OOOOC 19 STM R14t R12 * 1 2 (R13) SAVE THE CALLER 'S REGISTERS 00002400
000004 05C0 20 BALR R 12 t 0 ESTABLISH PROGRAM BASE 00002500
000006 21 USING *,R12 LET THE ASSEMBLER KNOW. 00002600
000006 41 FO C08E 00094 22 LA R15t SAVEAREA ADDRESS OF MY SAVE AREA 00002700
OOOOOA 50FD 0008 00008 23 ST R15 f8 (R13 ) BACKWARD CHAIN 00002800
OOOOOE 500F 0004 00004 24 ST R13 ,4 (R15) FORWARD CHAIN 00002900
000012 1 8DF 25 LR R 13 » R15 ESTABLISH MY SAVE AREA 00003000
000014 D703 D008 D008 00008 00008 26 XC 8 (4 fR 1 3 ) f8 (R 1 3 1 TERMINATE THE FORWARD CHAIN 00003100

27 * END OF: STANDARD ENTRY LINKAGE CONVENTIONS. 00003200
28 PRINT OFF 00000300
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QUEUE PROCESSING TECHNIQUES WORK PROJECT PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

000094 87 SAVEAREA OS 18F 00006200
0000DC 0000013C00000156 88 QUINGLST DC AT FIF0ENQ2*FIF0DEQ2) 00006300
0000E4 00000174000G0I8A 89 DC A ( UIF0ENQ11 LIF0DEQ11 00006400
OOOOEC 0000019C000001C2 90 DC A(PRTYENQ1* PRTYDEQ1) 00006500

0000F4 0000010000000114 92 QELEMNTS OC A ( BL0CK1 » BL0CK2»BL0CK3 > 00006700
000100 09 93 BL0CK1 DC X1 0 9 ' PRIORITY 00006800
000101 000000 94 DC A L3 (01 00006900
000104 00000000-00000000 95 DC 4F • 0 * 00007000
000114 01 96 BL0CK2 DC X'01« PRIORITY 00007100
000115 000000 97 DC AL3T0I 00007200
000118 oooooooooooooooo 98 DC 4 F 10 • 00007300
000128 06 99 BL0CK3 DC X* 06 ’ PR IORITY 00007400
000129 000000 100 DC A L3 I0 I 00007500
00012C oooooooooooooooo 101 DC 4 F f 0 ' 00007600

0 0 0 0 0 0 103 QELEMENT DSECT DUMMY SECTION FOR A QUEUE ELEMENT, 00007800
c o o o c o 104 PRTY DS C PRIORITY VALUE 00007900
0 0 0 0 0 1 105 DS AL3 00008000
000004 106 LINKFWRD DS F FORWARD LINK F IE LD . 00008100
C00008 107 LINKBKWD DS F BACKWARD LINK FIELD 00008200
o o o o o c 108 DS 2F 00008300
000004 109 D l SPLFWD EQU LINKFWRD-QELEMENT DISPLACEMENT TO FORWARD LINK F IE LD . 00008400
000008 1 1 0 DISPLBWD EQU LINKBKWD-QELEMENT DISPLACEMENT TO BACKWARD LINK F IE LD . 00008500

0 0 0 0 0 0 112 QUEUEING C SECT RESUME CSECT. 00008700
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QUEUE PROCESSING TECHNIQUES WORK PROJECT,

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

114
115
116
117
118
119
120 
121 
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

r***##********##**#*## DIRECTIONS TO THE STUDENT, ********************;** 
###❖ ****#*£**#*#**###--------------------------- ------------- —

*
* ON THE PAGES THAT FOLLOW, THERE ARE SAMPLES OF THE CODE
* WHICH MAY BE USED TO PROCESS SEVERAL OF THE DIFFERENT
* KINDS OF QUEUES THAT WE HAVE JUST DESCRIBED.
*
* F IR S T ,  SCAN OVER THE DESCRIPTION OF THE QUEUE THAT THE
* CODE IS PROCESSING, AND BE CERTAIN THAT YOU UNDERSTAND
* WHAT THE QUEUE SHOULD LOOK L IK E .
* THEN, LOOK AT THE FIRST OF THE THREE DUMPS THAT FOLLOW
* THE CODING SAMPLE. THIS DUMP SHOWS THE QUEUE AS IT WILL
* LOOK AFTER 'B L0 C K 1 '  AND •BLOCK2■  HAVE BEEN ADDED. USING
* THE CODE AND THE DATA IN THIS F IRST DUMP, DRAW A PICTURE
* OF THE QUEUE AS IT LOOKS NOW. USE TH E , WORK PAGE SUPPLIED '
* (NEATNESS DOESN'T NECESSARILY COUNT).
*
* THE NEXT THING THAT WILL HAPPEN TO THE QUEUE IS THIS:
* THE ADDRESS OF 'BLGCK3 ' WILL BE PASSED TO THE ENQUEUE
* ROUTINE IN REGISTER 1. IN THE SPACE PROVIDED ON THE
* WORKSHEET, DRAW THE QUEUE AS IT WILL LOOK WHEN r' BL0CK3 '
* HAS BEEN SUCCESSFULLY ENQUEUED. YOU MAY USE INTUITION
* OR THE CODE TO FIGURE OUT WHAT IT WILL LOOK L IKE ,  BUT
* BE CORRECT.........OR E LS E ............
* NOW, CHECK YOUR DIAGRAM AGAINST JHE DATA IN THE SECOND
* DUMP, WHICH HAS ' BL0CK3• ENQUEUED. IF  YOUR DIAGRAM DOESN'T
* MATCH, YOU MAY:
* A. GO BACK OVER THE CODE AND FIND OUT WHERE YOU WENT ASTRAY.
* B. WAIL, GNASH YOUR TEETH, AND SHOUT FOR YOUR INSTRUCTOR, .
* WHO WILL LEAD YOU BACK TO THE STRAIGHT P A T H . . . .
*
* LASTLY , THE DEQUEUE ROUTINE WILL BE LINKED TO, AND AN
* ELEMENT WILL BE REMOVED FROM THE QUEUE, IN ACCORDANCE
* WITH THE QUEUE'S METHOD OF PROCESSING. AGAIN, DRAW THE
* QUEUE AS IT SHOULD LOOK AFTER THE ELEMENT HAS BEEN
* REMOVED. .
* AS BEFORE, CHECK YOUR DIAGRAM AGAINST THE QUEUE THAT IS  IN
* THE DUMP, AND THEN CHOOSE ONE FROM A. OR B. ABOVE, IF
* YOUR DIAGRAM DOESN'T MATCH.
*
***************************************************************:{:*******

L

PAGE 4

9 /17 /70

00008900
00009000
00009100
00009200
00009300
C0009400
00009500
00009600
00009700
00009800
00009900
00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800
00010900
00011000
00011100
00011200
00011300
00011400
00011500
00011600
00011700
00011800
00011900
00012000
00012100
00012200
00012300
00012400
00012500
00012600
00012700
00012800
00012900
00013000
00013100



324

F IFO  QUEUE, DOUBLE HEADED, SINGLE THREACED.

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

158 *********************************************************************** 

1 5 9 *
160 * THESE ROUTINES PROCESS A DOUBLE HEADED, SINGLE THREADED,
161 * F IR S T - IN -F IR S T -O U T  QUEUE.
162 *
153 * * ************ ******** ** *** ** **************** **************************

165 ***********************************************************************
166 *
167 * ENQUEUE SUBROUTINE.
168 *
169 * ON ENTRY, REGISTER 1 CONTAINS THE ADDRESS OF THE ELEMENT
170 * TO BE ENQUEUED.
171 *
172 ***********************************************************************

000000 174 USING QELEMENT, R2
ADDRESS OF LAST ELEMENT.00013C 5820 C16A 00170 175 FIF0ENQ2 L R 2 ,F IF0 2 H 1 T +4

000140 5010 C16A 00170 176 ST R1 ,F IF02H1T+4 ADD THE NEW LAST.
000144 1222 177 LTR R2,R2 WAS THE QUEUE EMPTY ON ENTRY ?
000146 4770 C14A 00150 178 BNZ * + 10 NO.
00014A 5010 C l  66 0016C 179 ST R 1 , F I F 0 2 H1T YES, PUT NEW ELEMENT AT TCP OF Q.
00014E 07FE 180 BR R14 AND RETURN.
000150 5010 2004 00004 181 ST R1,LINKFWRD ENQUEUE THE NEW ONE AT THE END OF Q.
000154 07FE 182 BR R 14 AND RETURN.

184 ***********************************************************************
185 *
186 * DEQUEUE SUBROUTINE.
187 *
188 * ON RETURN REGISTER 1 WILL CONTAIN 0*S OR THE ADDRESS OF THE
189 * ELEMENT THAT WAS DEQUEUED.
190 *
191 ***********************************************************************

000000
000156 41FO C 166 0016C
00015A 5 81F 0000 00000
00015E 1211
000160 078E
000162 D203 F 000 1004 00000 00004
000168 07FE

193 DROP R2
194 USING QELEMENT,R1
195 FIF0DEQ2 LA R15 ,F  IF02H1T
196 DEQCOMMN L R1, 0 ( R15 )
197 LTR R1,R1
198 BCR 8 , R 14
199 MVC 0 ( 4 , R 1 5 ) ,L IN
200 BR R14

ADDRESS OF QUEUE TO BE USED. 
ELEMENT AT THE TOP.
WAS THE QUEUE EMPTY ?

YES, RETURN.
NO, REMOVE THE TOP ELEMENT. 

RETURN

00016A 0000
00016C 0000000000000000 202 F IF02H1T DC

oLL<\l HEAD FOR 2 HEADED, 1 THREADED

PAGE 5

9 /17 /7 0

00013300
00013400
00013500
00013600
00013700
00013800

00014000
00014100
00014200
00014300
00014400
00014500
00014600
00014700

00014900
00015000
00015100
00015200
00015300
00015400
00015500
00015600
00015700

00015900
00016000
00016100
00016200
00016300
00016400
00016500
00016600

00016800
00016900
00017000
00017100
00017200
00017300
00017400
00017500

00017700
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F IFO  QUEUE, DOUBLE HEADED, SINGLE THREADED PAGE 6

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

204 *******#************#*************##**********#***************:********* 00017900
205 * 00018000
206 * WORKSHEET FOR THE DOUBLE HEADED, SINGLE THREADED, FIFO QUEUE. 00018100
207 * 00018200
208 * AFTER 'BLOCK l*  AND • BL0CK2' HAVE BEEN ENQUEUED, THE QUEUE 00018300
209 * LOOKS L IKE :  00018400
210 * 00018500
211 * 'F IF02H1T*  00018600
212 * +-----  + 00018700
213 * | | 00018800
214 * +--------------- + 00018900
215 * | I 00019000
216 * +--------   + 00019100
217 * 00019200
218 * 00019300
219 * 00019400
220 * 00019500
221 * 00019600
222 * 00019700
223 * AFTER • BL0CK3* HAS BEEN ENQUEUED, THE QUEUE LOOKS LIKE :  00019800
224 * 00019900
225 * •F IF02H 1T '  . ' : 000200ÖC
2 2 6 * +--------------- + 00Q20100
227 * | 1 00020200
228 * +-------------+ ' . 00020 300
229 * 1 I 00020400
230 * +------   + 00020500
231 * 00020600
232 * 00020700
233 * . 00020800
234 * 00020900
235 * 00021000
236 * 00021100
237 * AFTER AN ELEMENT HAS BEEN DEQUEUED, THE QUEUE LOOKS L IKE :  00021200
238 * 00021300
239 * 1F I F 0 2 H IT 1 00021400
240 * +--------------- + 00021500
241 * | | 00021600
242 * +----------------+ 00021700
243 * I I 00021800
244 * +--------------- + 00021900
245 * 00022000
246 * 0 0 022100
247 * 00022200
248 * 00022300
249 * 00022400
250 * 00022500
2 51 * 00022  600
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F . P .  REGS

REGS 0 - 7  
REGS 8 - 1 5

000000
000020
0 0 0 0 4 0
0 0 0 0 6 0

0 5 A 8 8 0  
0 5 A 8 A 0  
0 5 A 8 C 0  
0 5 A 8 E 0  
0 5 A 9 0 0  
0 5 A 9 2 0  
0 5 A 9 4 0  
0 5 A 9 6 0  
0 5 A 9 8 0  
0 5 A 9 A 0  
05A 9C O  
0 5 A 9 E 0  
05AAOO 
0 5 A A 2 0  
0 5 A A 4 C  
CT5AA6 0

0 5 B 0 2 0

00.000000  0 0 0 0 0 0 0 0  0 0 * 1 2 C 0 0 2  0 2 0 0 0 0 0 0  0 0 . 0 4 0 0 0 0  OOOOCR76 0 0 . 0 0 0 0 0 0  0 0 0 1 0 6 0 0

F F F F F F 2 E  0 0 0 5 A 9 9 4  0 0 0 5 A 9 8 0  0 0 0 0 0 0 0 0  0 0 0 1 3 E 3 8  0 0 0 5 A 9 5 C  0 0 0 0 0 0 0 8  0 0 0 5 A 9 7 3
0 0 0 0 0 0 0 4  0 0 0 5 A 9 7 F  0 0 0 5 A 9 7 8  0 0 0 0 0 0 0 0  6 F 0 5 A 8 8 6  0 0 0 5 A 9 1 4  4 F 0 5 A 8 D 0  0 0 0 5 A 9 8 C

00000000 00000000 00000000 00000000 0005A880 00000000 FF060000 80000000 * .................................................................... *
00040003 50006A3E FFC50001 6F05A8D6 OOOOFFOO 00000000 FE040132 80000A1E * ................. E ......... 0 ................................. *
00067498 OCOOOOOl 000014D0 00005920 083D5100 0000996C 00040000 00007498 * .  .................................................................. *
00040000 00007BC8 00040000 00007588 00000000 00012D10 CC040000 0000751A * ..............H ................................................ *

90ECD00C 05C041F0 C08E50FD 000850DF 000418DF 07030008 D0C858F0 C1D2D201 * ............. 0 .........................P ............OAKK.*
F000C022 47F0C024 07FE4I50  C0D64160 00084170 C0ED4180 00044190 C0F941A0 * 0 . . * . 0 .............. 0 ............................... 9 . . *
C0EE41B0 0002581A 000058F5 000005EF 46BCC050 000087A8 C0400001 1B1158F5 * ....................... 5 ...................... 5*
00Ü405EF 12114720 C06A0002 47F0C06C 0003D707 COFECOFE D707C112 C112D707 * ...........................0 * . . * P ..........P . A . A . P . *
C126C126 8756C038 58DD0004 98ECD00C 07FEA0B8 5A3040B8 00066F68 00000000 * A .A ...................................   *
41330001 403040BC 417400AC 15674720 C7664156 000147F0 C6C6D200 20005000 * ................................ G............ OFFK.
D 6024004 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 4170415E 0005A9BC * 0 .............G . K . .  . , . 0F ...........................*
0005A9D6 0005A9F4 0005AA0A 0005AA1C 0005AA42 0005A980 0005A994 0005A9A8 ♦ . . • 0 . . . 4
09000000 0005A994 00000000 00000000 00000000 01000000 00000000 00000000 * ..............
00000000 OOOOGOOO 06000000 00000000 OOOQOOOO 00000000 00000000 5820C16A * ..............................................................A • *
5010C 16A 12224770 C14A5010 C16607FE 50102004 07FE41F0 C166581F 00001211 * . . A .........A . . . A .....................OA..............*
078ED203 F0001004 07FE0000 0005A980 0005A994 5820C18E 5010C18E 50201004 * . . K , 0 ...................................A . . . A ..........*
1222077E 5010C192 07FE41F0 C18E47F0 C1540000 00000000 COOOOOOO 4120C1CA * .............A . . . . O A . . O A ........................... A .*
18325822 0004D500 10002000 4720C1B0 12224770 C19AD203 10043004 50130004 * ........... N .............. A.......... A . K .................. *
07FE5810 CICE 1211 078ED203 C1CE1004 07FE0000 00000000 0005AD1E 41104160 * * . . . A ...........K . A ........................................ *
90ECDGCC G5C0G4F0 07004110 C0100511 0F05AB04 7FFF0A0E 58B00010 9110B074 * .............. 0 ................................................ .*

4A009BDE 40050000 47F095C6 48609BEE 8A600001 4770969E 48609C26 41660001 *• • • • „ . . . 0 . E .........................................

i

*
 
#
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F . P . REGS. 0 0 .0 0 0 0 0 0 0 0 000000 0 0 . 12C002  0 2 000000

REGS 0-7 FFFFFF2E 0005A9A8 0005A994 00000000
REGS 8-15 00000004 0005A97F 0005A980 FFFFFFFF

00 .040000  000QCB76 00 .000000  00Q1D600

00013E38 0005A95C 00000008 0005A973 
6F05A886 0005A914 6F05A8D0 0005A9BC

000000 0 0 000000 00000000 00000 0 0 0 00000000 0005A880 0 0000000 FF060000 80000000 * ...........
000020 FFC5C00 3 6F007588 FFC50001 6F05A8DC OOCOFFOO 0 0 0 00 0 0 0 FF060233 80000000 * • E • . • •
000040 00003F60 OCOOOOOO 00001400 00005920 083CF200 0000996C 00040000 00007498
000060 00040000 000G7BC 8 00040000 00007588 00000000 00012D10 00040000 0000 751A

0 5 A 8 8 0 90ECD00 C 05C041F0 C08E50FD 0008500F 000418DF D703D008 D00858F0 C1D20201
05A8A0 F000C022 47F0C024 07FE4150 C0D64160 00084170 C0ED418C 00044190 C0F941A 0

o•••o

05A8C0 C0EE41B0 G002581A 0C0058F5 0C0005EF 46 B0C050 000087 A8 C0400001 1B1158F5 * ...........
05A8E0 000405EF 12114720 C06A0002 47F0C06C 00C3D7 07 COFECOFE D707C112 C112D707 ❖ ...........
05A900 C126C126 8756C038 5 8DD0004 98 ECDOOC 07FEA0B8 5A3040B8 00066F68 0 0 0 00 0 0 0 * A . A . . .
05A920 41330001 403Ü40BC 417400AC 15674720 C 7664156 000147F0 C6C60200 20005000 ♦ ........... .........$
05A940 D6024004 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 417 0415 E 0005A9BC *0 . . .
05A960 0005A9D6 0005A9F4 0005AA0A C005AA1C 00C5AA42 G005A980 0005A994 0005A9A8 * . . . 0 . .
05A980 09000000 0005A994 00000 0 0 0 0 0 0 00000 0 0 000000 01000 0 0 0 0005A9A8 00 0 00 0 0 0 * ...........
05A9A0 00000000 00000000 06000000 00000000 0 0000000 0 0 0 00000 00000000 5820C16A #...........
05A9CC 50 IOC16A 12224770 C14A5010 C16607FE 50102004 07FE41F0 C16658IF 00001211 * . .A . . .
05A9E 0 078ED203 F0001C04 0 7FE0000 00C5A980 0005A9A8 5820C18E 5010C18E 50201004 * .  • K •0 •
05AA00 1222077E 5G10C192 07FE41F0 C18E47F0 C 1540 000 00000 0 0 0 00000000 412OC1CA
05AA20 18325822 GO 04D5 00 10002000 472CC1B0 12224770 C19AD203 10043004 50130004  ̂• • • • • •
05AA40 07FE5 810 C1CE1211 078E0203 C 1C E1 004 C7FE0000 00000 0 0 0 0005AD1E 41104160 * . . . .  A.
05AA6C 90ECD00C 05C004F C 07004110 C01Q0511 0F05AB04 7FFF0A0E 58BOOO 10 9 110B074 * . . . . . .

05B020 . 4 A009BDE 40050000 47F095C6 48609BEE 8A600001 4770969E 48609C26 41660001 .........*
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F . P .  REGS. 00.000000  00000000 00.12CQ02 02000000 00.040000  0000CB76 00.000000  0001D600

REGS 0-7 FFFFFF2E  0Q05A980 0005A994 00000000 00013E38 0005A95C 00000008 0005A973
REGS 8-15 0000G004 0005A97F 0005A980 F F F F F FF F  6F05A886 0005A914 4F05A8E4 0005A9EC

000000 0 0000000 OOGOOOOO 00000000 00000000 0005A880 COOOOOOO FF060000 80000000 * ...........
000020 FFC5C003 6 F007588 FFC50001 6F05A8F2 OOOCFFOO 0 0 0 00000 FF060233 80000000 * . E • . • .
000040 00001360 08000000 00001358 00005920 083C9300 0000996C 000400G0 00007498 * ...........
000060 00G4000 G GGG07BC8 OQ04QCOO 00007588 OOOOOOCO 00012D10 00040000 000C751A

05A880 90ECD00C G5C041FO C08E50FD 000850DF 000418DF D703D008 DO08 58 FO C1D2D201
05A8A0 F0G0C022 47F0C024 07FE4150 COD 64160 00084170 C0ED4180 00044190 C0F941A0

o..o

05A8C0 C0EE41BG 0002581A 000058F5 00C005EF 46B0C050 000087A8 C0400001 1B1158F5 * ...........

05A8E0 00C405EF 12114720 C06A0002 47F0C06C 0003 D7 07 COFECOFE D707C112 C112D707 # ...........

05A900 C126C126 8 756C038 5 8DD0004 98 ECDOOC 0 7FEA0B8 5A3040B8 00066F68 0 0000000 <<

05A920 41330001 403040BC 417400AC 15674720 C7664156 000147F0 C6C6D200 20005000 * ........... ......... *

05A940 D6024004 40044780 C77AD202 A0B44004 47F0C68 A 92FFA0C0 4170415E 0005A9BC *0 . . . .........*

0 5 A 96 0 0005A9D6 0G05A9F4 0005AA0A 0005AA1C 0005AA42 0005A98C 0005A994 0005A9A8 * . . . 0 . . ......... *

05A980 09000000 0G05A994 00000000 0 0 000000 0 0 0 00000 C1000000 0005A9A8 00000000 * ...........

05A9A0 OOOOOOOC COGOGOOO 06000000 00000000 00000000 00000000 COOOOOOO 5820C16A ❖ ...........

05A9C0 50 IOC 16A 12224770 C14A5010 C16607FE 50102004 07FE41F0 C166581F 00001211 * . . A . . .
05A9EC 078 EO 203 F GOO 1004 07FE0000 0005A994 0005A9A8 5820C18E 5010C18E 50201004 * . .K . 0 . .........«

0 5 A A 0 0 1222077E 5G1GC192 07FE41F0 C18E47F0 C 1540000 0 0 000000 00000000 412 OC1C A * ...........

<o<o<

05AA20 18325822 0004D5 00 10002000 4720C1B0 12224770 C19AD203 10043004 50130004 .........

0 5 A A 4 0 07FE581G CICE 1211 078ED203 C1CE1004 07 F EO 000 COOOOOOO 0005ADIE 41104160 * . . . .  A . .........*

05AA60 90ECDC0C G5C004F0 07004110 CO 100511 OF C5AB04 7FFF0A0E 5 8B00010 9110Ö 074 #........... . . . . , *

05B020 4A009BDE 40050000 47F095C6 48609BEE 8 A600001 4770969E 48609C26 41660001 * ...........
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L IFO  QUEUE, DOUBLE HEADED, SINGLE THREADED.

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70

2 53 *********************************************************************** 

2 54 *
255 * THESE ROUTINES PROCESS A DOUBLE HEADED, SINGLE THREADED,
256 * LAST- IN -F IRST-O U T  QUEUE.
2 57 *
2 58 ## ***** *** ** ** * ** * ******* *** ********** ***** **** ********************

2 60 * *#*❖ *❖ # *#*= ***** ********* ** ***** *** *** ****** *** ** * ************ ********* 
261 *
262 * ENQUEUE SUBROUTINE.
263 *
264 * ON ENTRY, REGISTER 1 CONTAINS THE ADDRESS OF THE ELEMENT
265 * TO BE ENQUEUED.
266 *
267 ***********************************************************************

000174 5820 C18E 00194 269 LIF0ENQ1 L R2 , LIF02H1T CURRENT FIRST ELEMENT .

000178 5010 C18 E 00194 270 ST R1 ,L IF02H 1T ADD NEW TO TOP •

00G17C 5020 1004 00004 271 ST R2 , LINKFWRD NEW 1ST POINTS TO OLD 1ST.
000180 1222 272 LTR R2,R2 WAS THE QUEUE EMPTY ?
C00182 077E 273 BCR 7, R 14 NO, RETURN.
000184 5010 C192 00198 274 ST R1 ,L IF02H1T+4 YES, ENQUEUE NEW ONE AT BOTTOM
000188 07FE 275 BR R14 AND RETURN.

277  ***********************************************************************

278 *
279 * DEQUEUE SUBROUTINE.
280 *
281 * SAME AS THE DEQUEUE SUBROUTINE FOR DEQUEUEING FROM THE SINGLE
282 * THREADED, DOUBLE HEADED F IFO  QUEUE. THE TECHNIQUE OF REMOVING
283 * AN ELEMENT FROM THE TOP CF A QUEUE IS THE SAME, AS LONG AS
284 * THE PHYSICAL ATTRIBUTES OF THE QUEUE ARE THE SAME (HEADING 6
285 * THREADING).
2 86 *
287 ***********************************************************************

00018A 
00018 E

41FO C l 8 E 
47FO C 154

00194
0015A

289
290

LIF0DEQ1 LA
B

R15 , LIF02H1T 
DEQCOMMN

ADDRESS OF THE QUEUE TO BE USED. 
BRANCH TO COMMON ROUTINE.

000192
000194

0000
OOOOOCOOGCCOOOOO 292 LIF02H1T DC 2 F ' 0 • HEAD FOR 2 HEADED, 1 THREADED, LIFO  Q

PAGE 7

9 /17 /70

00022800
00022900
00023000
00023100
00023200
00023300

00023500
00023600
00023700
00023800
00023900
00024000
00024100
00024200

00024400
00024500
00024600
00024700
00024800
00024900
00025000

00025200
00025300
00025400
00025500
00025600
00025700
00025800
00025900
00026000
00026100
00026200

00026400
00026500

00026700



L IFO  QUEUE, DOUBLE HEADED, SINGLE THREACED. PAGE 8

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

8

295 *
296 * WORKSHEET FOR THE DOUBLE HEADED, SINGLE THREADED, LIFO QUEUE.
297 *
298 * AFTER •BLOCKl* AND 1BL0CK21 HAVE BEEN ADDED, THE QUEUE LOOKS
299 * LIKE THIS:
300 *
301 * 'L I F 0 2 H 1 T '
302 * +-------------- +
303 * I |
3 04 * +-------------- +
305 * | |
3 06 * +-------------- +
307 *
308 *
309 *
310 *
311 *
312 * AFTER 'BLOCK3' HAS BEEN ENQUEUED, THE QUEUE LOOKS LIKE:
313 *
314 * * LI F 02HIT 1
315 * +-------------- +
316 * | |
317 * +-------------- +
318 * | |
319 * +-------------- +
320 *
321 *
322 *
323 *
324 *
325 *
326 * AFTER AN ELEMENT HAS BEEN DEQUEUED, THE QUEUE LOOKS L IKE :
327 *
328 * * L I FO 2H1T1
329 * +-----  --------+
330 * 1 I
331 * +---------------+
332 * I 1
333 * +---------------+
334 *
335 *
3 3 6 «
337 *
338 *
33 9 *
340 *

00026900 
00027000 
00027100 
00027200 
00027300 
00027400 
00027500 
00027600 
00027700 
00027800 
00027900 
00028000 
00028100 
00028200 
00028300 
00 02 8400 
00028500 
00028600 
00028700 
00028800 
00028900 
00029C00 
00029100 
00029200 
C0029300 
00029400 
00029500 
00029600 
00029700 
00029800 
00029900 
00030000 
00030100 
00030200 
00030300 
00030400 
00030500 
00030600 
00030700 
0003080C 
00030900 
00031000 
00031100 
00031200 
00031300 
00031400 
00031500 
00031600



F . P .  REGS

REGS 0-7 
REGS 8-15

G00000 
000020 
000040 
0 0006 0

0 5 A 8 8 C 
05A8AC 
05A8C0 
05A8E0 
05A900 
C5A920 
05A940 
05A96C 
05A980 
05A9A0 
05A9C0 
05A9E0 
05AA00 
0 5 A A 2 C 
05AA4C 
05AA6C

G5B020

OO. GOOOOO OCOOOOOO 00.12C002 02000000 00.040000  OOOOCB76 00 .000000  0001D600

FFFFFF2E 0Ü05A994 0005A980 00000000 00013 E3 8 0005A964 00000008 C0Q5A973
00000004 0005A97F 0005A978 OOOOOOOG 6F05A886 0Q05A9114 4F05A8D0 0005A9F4

OOCOOOCO OCOOOOOO 00000000 00000000 0005A880 00000000 FFG6G00G 80000000 #.........t . . . .
FFC500G3 6F007588 FFC50001 6F05A8D6 OOOOFFOG 00000000 F F 040233 80004C40 * . E ............. E
00001360 08000000 00001358 00005920 083C3E00 C00G996C 00040000 00007498 * .................... .........*
00040000 00007BC8 0004000 C 00007588 OCOOOOOO 00012D10 000400G0 00007 51A * ............. H. .

90ECD00C 05C041F0 C 08 E 50 FD 000850DF 000418DF D703D008 DC0858FO C1D2D201 * ........... .0 .  .
FQ0CC022 47FCCC24 07FE4150 C0D64160 00C8417C C0ED4180 0C044190 C0F941AC

00*

C0EE41B0 0002 5 81A 000058F5 000005EF 46BCC050 CCQ087A8 C04C0001 1B1158F5 * ...................
000405 EF 12114720 C06A0002 47F0C06C 00030707 COFECOFE 0707C112 C112D707 $ ...................
C126C126 87560038 58DD0004 98ECD00C 07FEA0B8 5A3C40B8 00066F68 00000000 * A .A .............
41330001 403C40BC 417400AC 15674720 C 7664156 000147FG C6C6D200 20005000 ❖ .................... .........*
D60240C4 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 4170415E 0005A9BC * 0 ............. G.
0005A9DÖ G005A9F4 0005 AACA C 0 0 5 A A1 C 0005AA42 Q005A980 0005A994 C005A9A8 * . . . 0 . . . 4 . .
090000C0 00000000 00000000 00000000 00000000 01000000 0005A98G 00000000 ........... ..
GO000GOG OCOOOOOO 06000000 00000000 OOOOCOOO ÜGQ00000 OCOOOOOO 5820C16A  ̂ .............
501GC1ÖA 12224770 C14A5010 C16607FE 50102004 07FE41F0 C166581F 00001211 *. . A .........A.
078ED203 F0001C04 07FE0000 0005A994 0005A9A8 5820C18E 501CC18E 50201004 *. . K . 0 .........
1222077E 5G10C192 07FE41F0 C18E47F0 C1540000 C005A994 0005A98C 412 OC1CA * ...........A. . .
18325822 GO04D5 GO 10002000 472QC1B0 12224770 C19AD203 100430G4 50130004 * ...........N . .  .
07FE581G C1CE1211 078ED203 C ICE 1004 G7FE0000 OCOOOOOO 000 5AD 1E 41104160 . A .........
90ECDC0C C5C0C4FG 07004110 C0100511 0F05AB04 7FFF0A0E 5 8B00010 9110B074 * ............. 0 . .

4A009BDE 40050COO 47F095C6 48609BEE 8 A600001 477C969E 48609C26 41660001 * ................. 0 *
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F . P REGS. 00.000000 00000000 00.12C002 02000000 00.040000  0000CB76 0 0 .0 0 0 0 0 0  0001D600

REGS 0-7 FFFFFF2E 0005A9A8 0005A994 00000000 00013E38 0005A964 00000008 0Q05A973
REGS 8-15 00000004 0005A97F 0005A980 F FFFFFFF  6F05A886 0005A914 6F05A8D0 0005A9F4

ocoooo 00000000 OOOOOCCO 00000000 00000000 0005A88C 00000000 FF060000 80000000 ❖ ........... ❖

000020 FFC50003 6F0075 88 FFC50001 6F05A8DC OOOOFFOO 0 0 000000 FF060133 80000000 * • E • • • • *

000040 00001360 08000C0C 00001358 00005920 083BDA00 0000996 C 00040000 00007498 * . . . . .  .
000060 0C04G000 00007BC8 00040000 00007588 00000000 00012D10 00040000 0000751A *

05A880 90ECD0CC 05CG41FO C08E50FD 000850DF C00418DF D703D008 DO C858F0 C1D2D201 .*
05A8A0 F000C022 47F0CG24 07FE4150 C OD 64160 00084170 C0ED4180 0C044190 C0F941A0

oo *

05A8CC C0EE41B0 0002 581A 000058F5 G00005EF 46 BOC 050 000087A8 C 0400001 1B1158F5 ❖ ........... 5*
05A8E0 000405EF 12114720 C06A0002 47F0C06C 0003D707 COFECOFE D707C112 C112D707
05A900 C126C126 8 756 0038 58DD0C04 98ECD00C 07FEA0B8 5A304CB8 C0066F68 00000 0 0 0
05A920 41330001 403040BC 417400AC 15674720 C7664156 00C147F0 C6C6D200 20005000 #........... . *
05A94C D6024004 4004478C C77AD202 A0B44004 47F0C68A 92FFA0C0 4170415E 0005A9BC - 0 . . . *

05A960 0005A9D6 0005A9F4 0005AA0A 0005AA1C 0005AA42 0005A980 0005A994 0005A9A8 * . . . 0 . .
05A98C 09000000 OOOOOOCO 00000000 OCOOOOOO OOCCCQQO C10C0G0Q 0005A980 00000000 * ........... *

05A9A0 00000000 00000000 06000000 0005A994 00000000 00 0 00 0 0 0 COOOOOOO 5 82 CC16 A * ........... ❖

05A9C0 5010C16A 12224770 C14A5010 C16607FE 50102004 07FE41F 0 C166581F 00001211 * . . A . . . *

05A9E0 078ED203 F00C1004 07FE0000 0CC5A994 0005A9A8 5820C18E 5010C18E 50201004 . K . 0 .
05AAO 0 1222077E 5010C192 07FE41F0 C18E47F0 C 1540000 00C5A9A8 0005A980 4120C1CA ❖ ........... • *
05AA20 18325822 0 0 04 D 5 C 0 10C02C00 4720C1B0 12224770 C19AD203 10043004 50130004 . *
05AA4C 07FE5810 C ICE1211 078ED203 C 1C E 1 004 07FE0000 cooooooo 0005ADIE 41104160 * . . . .  A • . *
05AA60 90ECDG0C 05C004F0 07004110 CO 100 511 OF 05 ABO4 7FFF0A0E 58B00010 911 OB 074 ❖ ........... . *

0 5 B 0 2 0 4ACC9ÖÜE 40050000 47F095C6 486C98EE 8A600001 477Ü969E 48 609C 26 41660001 #. . . . .
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F . P . REGS. 0 0 . 0 0 0 0 G0 00000000

REGS 0—7 FFFFFF2E 0005A9A8
REGS 8-15 0C000C04 0005A97F

0 0 . 12C002 02000000

0005A994 00000000 
0005A980 FFFFFFFF

00 .040000  0000CB76 00 .000000  G001D600

00013E38 0005A964 00000008 0005A973 
6F05A886 0005A914 4F05A8E4 0005AA14

ccoooo 00000000 ooooocoo COQOOOOO 00000000 G005A880 00000 0 0 0 FFG60QC0 80000000 * . .
000020 FFC50003 6F007588 FFC50001 6F05A8F2 OOOOFF 00 00000 0 0 0 FE040235 800G0A0 6 * .E
000040 00000000 04000000 000014D0 00005920 083B8500 0000996C C0C400C0 00007498 * *

000060 00040000 00007BC8 00040000 00007588 OOOGOOOO 0C012D10 00040000 0000751A

05A88C 90ECD00C 05C041F0 C08E50FD 00C850DF 000418DF D703D0C8 DCC858F0 C1D2D2C1
05A8A0 F 00CC022 47F0CC24 07FE4150 C0D64160 00084170 C0ED4180 00044190 C0F941A0 *0  .
0 5 A 8 C 0 C0EE41B0 0002581A 0Q0058F5 G0C005EF 46BCC050 000087A8 C04000C1 1B1158F5 * ..
05A8E0 0GG4C5EF 12114720 C06A0002 47F0C06C 0003D707 CCFECOFE D7C7C112 C112D707 * . .
05A900 C126C126 87560038 58DD0004 98ECD00C 07FEA0B8 5A3040B8 0C066F68 OOOGOOOO *A. A. . .
05A920 41330001 403040BC 417400AC 15674720 C 7664156 000147F0 C6C6D200 20005000 . . . . . *
05A940 D6024004 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 417 0415E 0005A9BC *0 . o C Tl

05A960 0G05A9D6 Ü005A9F4 0005AAOA 0005AA1C 0005AA42 0005A980 0005A994 C005A9A8 *. .
05A980 0900C00G OuOOOuOO OOOOOCOO 0 0 0 00000 00000000 0 1 0 00000 0005A980 OOOGOOOO * , ,
05A9A0 oooooooc 00000000 060 00000 0 005A994 0 0 00000  0 OOOGOOOO OCOOOOGO 5820C16A * . .
05A9C0 50 ICC 16A 12224770 C14A501C C16607FE 50102004 C7FE41F0 C1665 81F 00001211 *. •
05A9E0 078ED203 F0001004 07FE000C 0005A994 0005A9A 8 5820C18E 5C10C18E 50201004 *
05AA0C 1222077E 5 01OC192 07FE41F0 C18E47F0 C1540000 0Ü05A994 0005A980 4120C1CA *, .
05AA20 18325822 0004D500 10002000 472 OC1 BO 12224770 C19AD203 10043004 50130004 *. .
05AA4C 07FE5810 C1CE1211 078ED203 C 1C E 1004 07FE0000 0 0 000000 0005AD IE 41104160 * . .
05AA60 90ECD0CC G5C004F 0 07004110 CO100 511 0F05AB04 7FFF0A0E 5 8 BOOG 1C 9110BQ74 * • •

058020 4 A0093DE 40050000 47F095C6 48609BEE 8 A6G0001 477C969E 48609C 26 41660001 * . . ......*



SINGLE HEADED, SINGLE THREADED PRIORITY QUEUE PAGE 9

LOC OBJECT CODE ADDR1 ADDR 2 STMT SOURCE STATEMENT F08APR70

343 ************************************** *********************************

344 *
345 * THESE ROUTINES PROCESS A SINGLE HEADED, SINGLE THREADED
346 * PRIORITY QUEUE. THE ELEMENTS ARE ORDERED ON THE BASIS
347 * OF A ONE-BYTE F IELD  NAMED • PRTY * (P R IO R IT Y ) .
348 *
349 ***********************************************************************

3 51 ##**#**##*####*##:{« #*####**####❖  ***#*##£**#❖  #*:#**###**### #$**#***#***:##*
352 *
353 * ENQUEUE SUBROUTINE.
354 *
355 * ON ENTRY, REGISTER L CONTAINS THE ADDRESS OF THE ELEMENT
356 * TO BE ENQUEUED.
357 *
35 8 ***********************************************************************

00019C 4120 C 1C A 001D0 360 PRTYENQ1 LA R2,PRTY1H1T—DISPLFWD MAKE THE 1 HEAD* PUINTER LOOK LIK c

0 0 0 1A0 1832 361 PRTYSCH1 LR R 3, R 2 THE FIRST ELEMENT IN THE QUEUE.
0001A2 5822 0004 00004 362 L R2,DISPLFWD(R2) GET THE ADDRESS OF THE NEXT ELEMENT.
0 0 0 1A 6 D500 1000 2000 00000 00000 363 CLC PRTY, 0 ( R2 ) IS THIS THE RIGHT PLACE TO INSERT ?

0001AC 4720 C l  BO 0 01B 6 364 BH INSERT YES, GO INSERT THIS ONE.
0001B0 1222 365 LTR R2,R2 NO, IS THIS THE END OF THE QUEUE ?
0 0 0 1 B2 4770 C 19 A 001A0 3 66 BN Z PRTYSCH1 NO, CONTINUE SEARCHING.
0 0 01B 6 D203 1004 3004 00004 00004 367 INSERT MV C L INKFWRO, DISPLFWDt R3) YES, ENQUEUE THIS ONE IN I T 'S
0001BC 5 013 0004 00004 368 ST R1, DISPLFWD(R3) RIGHTFUL P LACE ....................
0CC1C0 07FE 369 BR R14 AND RETURN.

3 71 ***********************************************************************

372 *
373 * DEQUEUE SUBROUTINE.
374 *
375 * ON RETURN REG. 1 CONTAINS O'S OR THE ADDRESS OF THE DEQUEUED
376 * ELEMENT.
377 *
378 *************************************************************«^^^*«**^*

0 0 0 1 C 2 5 8 1 0  C 1 C E 0 0 1 D 4 3 8 0 P R T Y D E Q 1 L R 1 , P R T Y 1 H 1 T E L E M E N T  AT T O P  OF Q U E U E .

COO 1C 6 1211 3 8 1 L T R R 1 ,  R 1 IS  THE  QUEUE  E M P T Y  ?

C 0 0 1 C 8 078E 382 BCR 8 , R 14 Y E S ,  R E T U R N .

0 0 0 1 C A D203 C 1C E 1 0 0 4  0 0 1 D 4  0 0 0 0 4 3 8 3 MVC P R T Y 1 H 1 T , L INKFW RD NO, DEQ UEUE  THE  F I R S T  E L t M E N T .

0CG 1D 0 0 7 F E 3 84 BR R 1 4 AMD R E T U R N .

C 0 0 1 D 2 0 0 0 0

-3001D4 0 0 0 0 0 0 0 0 3 8 6 PR T Y 1 H I T DC A IO »

9 /17 /70

00031800
00031900
00032000
00032100
00032200
00032300
00032400

0 0 0 3 2 6 0 0
0 0 0 3 2 7 0 0
0 0 0 3 2 8 0 0

0 0 0 3 2 9 0 0
C 0 0 3 3 0 0 0

0 0 0 3 3 1 0 0
0 0 0 3 3 2 0 0

0 0 0 3 3 3 0 0

0 0 0 3 3 5 0 0  
0 0 0 3 3 6 0 0  

0 0 0 3 3 7 0 0  

0 0 0 3 3 8 0 0  

0 0 0 3 3 9 0 0  
00034000  
0 0 0 3 4 1 0 0  

0 0 0 3 4 2 0 0  

0 0 0 3 4 3 0 0  

0 0 0 3 4 4 0 0

0 C 0 3 4 6 0 0  

GO 0 3 4 7 0 0  

0 0 0 3 4 8 0 0  

COO3 4 9 0 0  
0 0 0 3 5 0 0 0  
0 0 0 3 5 1 0 0  
0 0 0 3 5 2 0 0  

0 0 0 3 5 3 0 0

C 0 G 3 5 5 C 0  
0 0 0 3 5 6 0 0  
0 0 0 3 5 7 0 0  

0 0 0 3 5 8 Q 0 

0 0 0 3 5 9 0 0

0 0 0 3 61 Q 0



335

SINGLE HEADED, SINGLE THREADED PR IORITY  QUEUE. PAGE 10

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /17 /70

388 ***************************** JSC**** $#****#!{!**#*** *# # * JjS 5{C £ £ # * £ # # # ## # # #;{£ :$! ** 00036300
389 * 00036400
390 * WORKSHEET FOR THE SINGLE HEADED, SINGLE THREADED, PRIORITY Q. 00C3650G
391 ❖ 00036600
392 $ AFTER 'BL0CK1* AND * BLOCK21 HAVE BEEN ENQUEUED, THE QUEUE 00036700
393 * LOOKS L IKE  THIS: 00C36800
394 ❖ 00036900
395 * ' PRTY1H1T• 00037000
396 * +-------------+ 00037100
397 * 1 ! 00037200
398 * +-------------+ 00037300
399 * 00037400
400 * 00037500
401 £ 00037600
402 * 00037700
403 * 00037800
404 * 00037900
405 * 00038000
406 * 00038100
407 * AFTER ' BL0CK3* HAS BEEN ENQUEUED, THE QUEUE LOOKS LIKE THIS: 00038200
408 * 00038300
409 * •PRTY1H1T' 00038400
410 ♦ +----------- -  + 00038500
411 * 1 1 00038600
412 * +-------------+ 00038700
413 * 00038800
414 * 00038^00
415 * 00039000
416 00039100
417 00039200
418 * 00039300
419 £ 00039400
420 * 00039500
421 * AFTER AN ELEMENT HAS BEEN DEQUEUED, THE QUEUE LOOKS LIKE  THIS: 00039600
422 * 00039700
42 3 * 1PRTY1H IT ■ 00039800
424 * +-------------+ Q0Q39Q00
425 * 1 1 00040000
426 * +— ----------+ 00040100
427 * 00040200
428 * 0 0 0 4 C 3 0 0
429 ❖ C0040400
430 ❖ 00040500
431 £ 00040600
432 * 00040700
433 £ 00040800
434 * 00040900
43 5 * 00041000
436 END 000411Ü0
437C001D8 OOCOOOOO =V(PCHKR ETN1



F .P  . REGS . 0 0 .0 0 0 0 0 0  oooooc o o o o L2C002 020C0C00 00.040000  0000CB76 00 .000000 0001

REGS 0- 7 FFFFFF2E  0005A994 00000000 0005A980 00013E38 0005A96C 00000008 0005A973
REGS 8—15 00000004 0005A97F 00C5A978 00000000 6F05A886 0005A914 6F05A8D0 0005AA1C

000000 00000000 00000000 00000000 00000000 0005A880 COOOOOOO FF060000 80000000 * . .
000020 FFC5CG03 6F0075 88 FFC50001 6F05A8D6 OOOOFFOO 0 0 0 00000 FF060133 80000000 * .E
000040 C00G1360 08000000 00001358 00005920 C83B2B00 000C996C 00040000 00007498 * . •
C00060 00040000 00007BC8 00040000 00007588 00000000 00012D10 00040000 0000751A * . .

05A880 9OECD000 05C041F0 C08E50FD 0008 50 DF 000418DF D703D008 D0C858F0 C1D2D201 * . .
05A8A0 F000CC22 47F0C024 07FE4150 COD 64160 00084170 C0ED4180 00044190 C0F941A0 « 0 .
05A8C0 C0EE41B0 0002581A 000058F5 00000 5EF 46B0C050 000087A8 C0400001 1B1158F5 * . .
05A8E0 00C405EF 12114720 C 06A0002 47F0C06C 0003D707 COFECOFE D707C112 C112D707 * • •
05A90Q C126C126 8756C03 8 58DD0004 98 ECDOOC 07FEA0B8 5A3040B8 00066F68 OOOOOCOO *A.
05A920 41330001 403040BC 417 400AC 15674720 C7664156 G00147FO C6C6Ü2Q0 20005000 *. .

05A940 D60240G4 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 4170415E 0005A9BC *0 .
05A960 0005A9D6 0005A9F4 0005AAOA 0005AA1C 0005AA42 0005A980 0005A994 0005A9A8 * . •
05A980 09000000 0005A994 0 0 0 0 0 0 0 C COOOOOOO OOOCOOOO 0 1 0 00 0 0 0 OOOCOOOO 0 0 0 0OOCO
05A9A0 OOOOCOOO OGOOOOCO 06C0000G 00000000 OOOOOCOO 0 0 000000 00000000 5820C16A * . .
05A9CC 501OC16A 12224770 C14A5010 C16607FE 50102004 C7FE41F0 C166581F 00001211 * . •
05A9E0 078ED203 F 0001004 07FE0000 0005A994 C005A9A8 5820C18E 5010C18E 50201004 *

05AA00 1222077E 5Ü10C192 07FE41F0 C18E47F0 C 1540000 0005A994 0005A980 4120C1CA * . .

0 5 A A 2 0 18325822 0004D500 10002000 4720C1B0 12224770 C19AD203 10043004 50130004 * . .
05AA40 07FE581G C1CE1211 078ED203 C 1C E 1004 07FE0C00 0005A98 C 0005AD1E 41104160 * . .

05AA60 90ECD00C 05C004F0 07004110 CO 100 511 OF 05AB04 7FFF0A0E 58B00010 911 OB 074 ❖

05B020 4A009BDE 40050C00 47FQ95C6 48609BEE 8A600001 4770969E 48609C26 41660001

.H.

A. .
K.0

. . 0 ........................P ............OAKK . *
) ............. ü ............................... 9 . .*
........... 5 ........................................ 5*
...............0. . . . P .......... P . A . A . P . *
.............................. . ... *
..................... G............ CFFK ..........*
. . . G . K ...........O F ...........................*
. . 4 ...................................................*
..................... .............. *
................................................... A . *
. . . A . . . A ....................OA..............*
.................................. A . . . A .......... *
, A. . . .OA. .O A ...........................A .*
. N ............. A.......... A . K .................. *
........ K . A ........................................*
, . 0 ........................................... *

. 0 • F .
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F . P .  REGS. OO.OOCOOO OOOOOOOO 00.12CÖ02 02000000 00.040000  0000CB76 00 .000000  0CQ1D600

REGS 0-7  FFFFFF2E 0005A9A8 0005A994 0005A980 00013E38 0005A96C 00000008 0005A973
REGS 8-15 00000004 0005A97F 0005A980 F F F F F FF F  6F05A886 0005A914 6F05A8D0 0005AA1C

000000 OOOOOOOO OOOOOOOO OOOOOOOO OOOOOOOO 0005A880 OOOOOOOO FF060000 80000000 * .......................................
000020 FFC50003 6F007588 FFC50001 6F05A8DC OOOOFFOO OOOOOOOO FF060233 80000000 •fr m m

000040 0000136 G 08000000 00001358 00005920 083AC700 0000996C 00040000 00007498 * ..............................
000060 00040000 00007BC8 00040000 00007588 OOOOOOOO 0 0 0 1 2 D1 0 00040000 0000751A * ............. H ..............

05A880 90EC00GC 05C041F0 C 08E50FD 000850DF 000418DF D703D008 D00858F0 C1D2D201 $ ................. 0 ...................
O5A8A0 F000C022 47F0C024 07FE4150 C 0D64160 00084170 C0ED4180 00044190 C0F941A0 * 0 . . . . 0 ................. 0 .
05A8C0 C0EE41BG 0002581A 00005 8F 5 000005EF 46B0C050 000087A8 C0400001 1B1158F5 * ......................5. . .
05A8E0 0004G5EF 12114720 C06A0002 47F0C06C 0003 07 07 COFECOFE D7C7C112 C112D707 * .................................. 0 .
05A900 C126C126 8756CC38 58DD0004 98ECD00C 07FEA0B8 5A3040B8 00066F68 OOOOOOOO * A .A ........................
05A920 41330001 403040BC 417400AC 15674720 C 7664156 000147F 0 C6C6D200 20005000 $ ........................................ .........£
05A940 D 6024004 40044780 C77AD2 02 A0B440C4 47F0C68 A 92FFA0C0 4170415E 0005A9BC #0.............G . K. . .
05A960 0005A906 0005A9F4 0005AACA 0005AA1C 00C5AA42 0005A980 0005A994 0005A9A8 * . . . 0 . . . 4 .............
05A980 09000000 G005A9A8 OOOOOOOO OOOOOOOO OOOOOOOO 0 1 0 00 0 0 0 OOOOOOOO OOOOOOOO ............................
0 5A9A0 OOOOOOOO OOOOOOOO 06000000 0005A994 OOOOOOOO OOOOOOOO OOOOOOOO 5820C16A ............. ..
05A9C0 5 0 ICC 16A 12224770 C14A5010 C16607FE 50102004 07FE41F0 C 16658 IF 0 0 001211 *. . A ............A. . .A .  .
05A9E0 078ED203 F 0001004 C7FE0000 0005A994 0005A9A8 5820C18E 5010C18E 50201004 * . . K . 0 ...................
05AA00 1222077E 5010C192 07FE41F0 C18E47F0 C1540000 0005A994 0005A980 4120C1CA ■ft • • > o >

05AA20 18325822 0004D5 00 10002000 4720C1B0 12224770 C19A0203 10043004 50130004 * ........... N .............. A
05AA40 07FE5810 C1CE1211 078ED203 C1CE1004 07FE0000 0005A980 0005AD1E 41104160 * . . . .  A .........K .A . .
05AA60 90ECD0GC G5C004F0 07004110 C 0100511 0F05AB04 7FFF0A0E 5 8B00010 9110BQ74 * ................. 0 ..................

05BO2 0 4 A009BDE 40G50000 47F095C6 48609BEE 8A600001 4770969E 48609C 26 41660001 •fr o T!



REGS 0-7 
REGS 8-15

000000 
C00 0 20 
000040 
00006 C

05A880
C5A8A0
05A8C0
05A8E0
05A900
05A920
05A940
05A960
05A980
05A9A0
05A9C0
05A9E0
05AA00
05AA20
05AA40
05AA60

058020

F .P .  REGS

FFFFFF2E  0005A980 0005A994 0005A980 00013E38 0005A96C 00000008 G005A973
0000G004 0005A97F 0005A980 F F F F F FF F  6F05A886 0005A914 4F05A8E4 0005AA42

00.000000 00000Ö00 00 .12C002 02000000 00.040000 0000CB76 00.000000 0001D600

00000000 00000000 00000000 00000000 0005A880 00000000 FF060Q00 80000000 * .................................................................... *
FFC5G003 6F007588 FFC50001 6F05A8F2 OOOCFFOO 00000000 FE04000E 8C000A1E * . E ............. E ..........2 ..................................*
0006BD98 G600ÜG00 000014D0 00005920 083A6800 0000996C 00040000 00007498 * ........................................................ . . . . . . *
0C04000C 00007BC8 00040000 00007588 OOOGOOOO GC012D10 00040000 0000751A *. ........... H .................. ................................*

90ECD00C G5C041F0 C08E50FD 000850DF 000418DF 0703D008 000858F0 C1D2D201 * ............. 0 .........................P ............ OAKK.*
F00GC022 47F0C024 07FE4150 C0D64160 00084170 C0ED4180 00044190 C0F941A0 * 0 . . . . 0 ...............0 ...............................9 . . *
C0EE41B0 0002581A 000058F5 000005EF 46B0C050 0C0087A8 C04000G1 1B1158F5 * ................ . . . 5 . . .................................... 5*
0004G5EF 12114720 C06A0002 47F0C06C 0003D707 COFECOFE D707C112 C112D707 * ..........................G . . . . P ..........P . A . A . P . *
C12ÓC126 8756C038 58DD0004 98ECD00C 07FEA0B8 5A3040B8 00066F68 00000000 * A .A .............................................................. *
4133000 1 403040BC 417400AC 15674720 C7664156 000147F0 C6C6D200 20005000 * ................................ G ............OFFK..........*
D6024004 40044780 C77AD202 A0B44004 47F0C68A 92FFA0C0 4170415E 0005A9BC « 0 .............G .K ............O F ...........................*
0005A9D6 0005A9F4 0005AA0A 0005AA1C 0005AA42 0005A980 0005A994 0005A9A8 * . . . □ . . . 4 .......................................  *
09000000 G005A9A8 00000000 00000000 00000000 01000000 00000000 00000000 * .....................................................................*
00000000 00000000 06000000 0005A994 00000000 00000000 00000000 5820C16A * ...........................................   A .*
501GC16A 12224770 C14A5C10 C16607FE 50102004 07FE41F0 C166581F 00001211 * . . A .........A . . . A .....................OA.............. *
078ED203 F0001004 07FE0000 0005A994 0005A9A8 5820C18E 5010C18E 50201004 * . . K . 0 ...................................A . . . A ..........*
1222077E 5010C192 07FE41F0 C18E47F0 C1540000 0005A994 0005A980 4120C1CA * ............ A . . . . O A . . O A ........................... A .*
18325822 0004D500 10002000 4720C1B0 12224770 C19A0203 10043004 50130004 * ...........N ..............A ..........A . K .................. *
07FE581G C1CE1211 078ED203 C1CEI004  07FE0000 0005A9A8 0005AD1E 41104160 * . . . .  A .......... K . A ........................................*
90ECDC0C 05C004FC 07004110 C0100511 0FC5AB04 7FFF0A0E 588G0010 911CB074 * ............. 0 .................................................. *

4A0093DE 40G5C000 47F095C6 48609BEE 8A600001 4770969E 48609C26 41660001 * ..................O . F .................. ....................... *



RELOCATION DICTIONARY

POS.ID P E L . ID

01 01
01 01
01 01
01 01
01 01
01 01
01 01
01 01
01 01
01 02

FLAGS ADDRESS

OC OOOODC
OC OOOOEO
OC 0000E4
OC 0000E8
OC OOOOEC
OC OOOOFO
OC 0000F4
OC 0000F8
OC OOOOFC
1C 0 0 0 1 D8

PAGE 1

9 /1 7 /7 0
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CROSS-REFERENCE

SYMBOL LEN VALUE DEFN REFERENCES

BEGIN 00004 00002A 00057
BLOCK 1 00001 000100 00093 0061 0079 0079 0092
BL0CK2 00001 000114 00096 0080 0080 0092
BL0CK3 00001 000128 00099 0081 0081 0092
BR14 00002 000028 00032 0030 0031
DEQCOMMN 00004 00015A 00196 0290
DISPLBWD 00004 000008 00110
DISPLFWD 00004 000004 00109 0360 0362 0367 0368
DUMPIT 00002 000070 00078 0075 0077
FIF0DEQ2 00004 000156 00195 0088
F IF0ENQ2 00004 0Ö013C 00175 0088
FIF02H1T 00004 00016C 00202 0175 0176 . 0179 0195
INSERT 00006 0001B6 00367 03 64
LIF00EQ1 00004 00018A 00289 0089
LIF0ENQ1 G0004 000174 00269 0089
LIF02H1T 00004 000194 00292 0269 0270 02 74 0289
LINKBKWD 00004 000008 00107 0110
LINKFWRD 00004. 000004 00106 0109 0181 0199 0271 0367 03 83
NODUMP 00004 000056 00069 0067
PRTY 00001 000000 00104 0363
PRTYDEQ1 00004 0001C2 00380 0090
PRTYENQ1 00004 C0019C 00360 0090
PRTY S CHI 00002 0001A0 00361 0366
PRTY1H1T 00004 0001D4 00386 0360 0380 0383

w QELEMENT 
oQELEMNTS

00001 OOOCOO 00103 0109 0110 0174 0194
00004 OOOOF4 00092 0059 0062

QENTER 00004 000046 00064 0069
QUEUEING 00001 000000 00001 0112
QUINGLST 00004 OOOCDC 00088 0057
RETURN 00004 000088 00083
RO 00001 000000 00003
R1 00001 0ÜC001 00004 0064 0071 0071 0074 0074 0176

0380 0381 0381
RIO 00001 OOOOOA 00013 0062 0064 0069
R l l 00001 OOOOOB 00014 0063 0067
R 12 00 001 OOOOOC 00015 0019 0020 0021 0084
R 13 00001 OOGOOD 00016 0019 0023 0024 0025 0026 0026
R14 00001 OOOOOE 00017 0019 0032 0066 0073 0084 0085
R 15 00001 OOOOOF 00018 0022 0023 0024 0025 0029 0030
R2 00001 000002 00005 0174

0365
0175 0177 0177 0193 0269

R3 00001 000003 00006 0361 0367 0368
R4 00001 000004 00007.
R3 00001 000005 00008 0057 0065 0072 0082
R6 00001 000006 00009 0058 0082
R7 00001 000007 00010 0059
R 8 00001 000008 00011 0060 0069
R 9 00001 00CO09 00012 0061
SAVEAREA 00004 000094 00087 0022
TESTLOOP 00004 00003 E 00062 0082

PAGE 1

9 /17 /7 0

0179 0181 0194 0196 0197 0197 0270 0274 0368

0083
0180

0083
0182

0084
0198 0200 0273 0275 0369 0382 0384

0065 i 0066 0072 0073 0195 0196 0199 0289
0271 0272 0272 0360 0361 0362 0362 0363 0365



DIAGNOSTICS PAGE 1

STMT ERROR CODE MESSAGE 9 /17 /7 0

NO STATEMENTS FLAGGED IN THIS ASSEMBLY
«STATISTICS*  SOURCE RECORDS (SYSIN) = 411 SOURCE RECORDS (SYSLIB) = 2 5
«OPTIONS IN EFFECT* L IS T ,  NODECK, LOAD, NORENT,. XREF, NOTEST, ALGN, OS, LINECNT = 55

501 PRINTED LINES
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F 44~LEVEL LINKAGE EDITOR OPTIONS SPEC IF IED  MAP«L E T * L IS T #NCAL
VARIABLE OPTIONS USED -  S IZ E= < 45 0 56 ,6 I44 ) -  DEFAULT OPT ION<SI USED

IEW0000 ENTRY U T I L IT Y

MODULE MAP

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME

QUEUEING GO 1DC
U T IL IT Y  1E0 5A0

PRINT 242 PCHKRETN 49E

ENTRY ADDRESS 1E0
TOTAL LENGTH 780

****G0 DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

LOCATION



ppppppppppp ppppppppppp DDDDDDDDD WW WW ppppppppppp 00000000 11
pppppppppppp pppppppppppp DDDDDDODOD WW WW PPPPPPPPPPPP 0000000000 111
pp pp pp pp DO DD WW WW pp PP 00 00 1111
pp pp pp pp DD DD WW WW pp PP 00 00 11
pp pp pp pp DD DD WW WW pp PP 00 00 11
pppppppppppp pppppppppppp DD DD WW WW PPPPPPPPPPPP 00 00 11
ppppppppppp ppppppppppp DD DD WW WW WW PPPPPPPPPPP 00 00 11
pp pp DD DD WW WWWW WW PP 00 00 11
pp pp DD DD WW WW WW WW pp 00 00 11
pp pp DD DD WWWW WWWW pp 00 00 11
pp pp DDDDDDDDDD WWW WWW pp 0 0 0 00 0 0 0 0 0 1111111111
pp pp DDDDDDDDD WW WW pp 00000000 i i i i i i i n i

9999999999 
999999999999 
99 99
99 99
99 99
999999999999 
999999999999 

99 
99

99 99
999999999999 

9999999999

a * * * * * * * * * * * * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * '  '  k ^ s l^ J fra lC J fr jfca fca ^ a fcJ frfca fra lta fra fca fra fca fra l^ a fra M t*********************************************



SYMBOL TYPE ID ADDR LENGTH LD ID
EXTERNAL SYMBOL DICTIONARY PAGE 1 

14 .54  9 /16 /70

PC 01 000000 000178 
IHCSSQRT ER 02 
PRINT ER 03
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

000000 1 CSECT
0 00 00 0 90 EC DOOC OOOOC 2 STM 1 4 ,1 2 ,1 2 (1 3 )
000004 05C 0 3 BALR 1 2 , 0
000006 4 USING * , 1 2
000006 4110 C072 00078 5 LA 1 , SAVIT
OOOOOA DT47 1 00 0  1000 00000  00000 6 XC 0 ( 7 2 , 1 ) , 0 ( 1 )
00 001 0 5010 D008 00008 7 ST 1 ,8 ( 0 , 1 3 )
000014 58D0 DQ08 0Ö008 8 L 1 3 ,8 (0 ,1 3 )

PAGE 1

SAVE REGISTERS

F08APR70 9 /16 /70

0 0 000 10 0
0 0 0 0 02 0 0
00000300
00000400
00000500

CLEAR SAVE AREA 00000600
00000700

SET SAVE POINTER 00000800



PAGE 2

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

SINCE A STORAGE DUMP IS 
SOLVING,IT  IS APPARENT 
A DUMP THE BETTER.

$  *  jjt *  *  *  *  #  jfc *  *  5{C *  #  #  5{£ #  *  #  J5C #  *  *  *

*
*
*
*
*
*
*
*
❖
♦
❖

*

*
❖
*
*

*
*
*

I N T R O D U C T I O N

A VALUABLE AID IN PROGRAM PROBLEM 
THAT THE MORE FAMILIAR YOU ARE WITH

11 
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34 ************** **#*#**********#***#***#*:(£**:(£#***$ *#****#*#*3^#* *********

THE FOLLOWING PROJECT WAS DESIGNED TO FAMILIARIZE  YOU WITH 
STORAGE DUMP ANALYSIS .

ANSWER ALL QUESTIONS IN THE SPACE PROVIDED.

ANSWERS TO THE QUESTIONS ARE GIVEN.

* * * * * * * * * * * * * * * * * * * * * 
*  

* 
❖  
❖  
❖  
* 
❖  
* 
❖  
*  
* 
* 
* 
*

THE ORDER OF THE PROJECT IS AS FOLLOWS:
1 .  EXPLANATION,CORRECT

RESULTS AND ROUTINE.
2. LINKAGE EDITOR MAP.
3. QUESTIONS AND ANSWERS
4. STORAGE DUMP.

$
*
❖
*
*
*
*

00001100
00001200
00001300
00001400
00001500
00001600
00001700
00001800
00001900
00002000
00002100
00002200
00002300
00002400
00002500
00002600
00002700
00002800
00002900
00003000
00003100
00003200
00003300
00003400
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I

PAGE 3

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60 
61 
62
63
64
65
66
67
68
69
70
71

E X P L A N A T I O N«++++++++++++++++
*

) THE ROUTINE USED IN THIS PROJECT USES 
ARITHMETIC TO SOLVE FOR THE ROOT OF

0 F R O U T I N E + + + + -M- + *

FLOATING POINT 
A QUADRATIC EQUATION,

0 AS A L IT T LE  REVIEW OF HIGH 
EQUATION IS LAYED OUT AS

SCHOOL ALGEBRAt A QUADRATIC 
FOLLOWS:

Y= A X + BX-C

THE ROOT MAY BE FOUND THROUGH THE USE OF THE FOLLOWING FORMULA

X = - B+
2

B —4 AC

2A

IN OUR CASE), TO SOLVEOUR OLD STANDBY,»XXXSSQRT*( IHCSSQRT
FOR : ____________

-  / 2 
V B —4AC

THE QUADRATIC USED IN THIS EXAMPLE IS Y=2X +11X-21 
THEREFORE, A=2, B=11, C=21

❖
*
*
*

£
*
*
❖
*
*
*
*
*
❖
£

❖
*
*
*
*
*
*
❖
*

*
*

❖
* *

I THINK YOU RECALL FROM A PREVIOUS SECTION,THAT IF YOU WANT TO 
FIND THE SQUARE ROOT OF A NUMBER YOU CAN EITHER WRITE A 
ROUTINE YOURSELF OR LINK TO A SUBROUTINE. SINCE THE WRITING 
OF A SQUARE ROOT ROUTINE CAN BE QUITE TED IO US ,I*LL  LINK TO

00003700 
00003800 
00003900 
00004000 
00004100 
00004200 
00004300 
00004400 
00004500 
00004600 
00004700 
0000480G 
0G004900 
0000500G 
00005100 
00005200 
00005300 
00005400 
00005500 
00005600 
00005700 
00005800 
00005900 
00006000 
00006100 
00006200 
00006300 
00006400 
00006500- 
00006600 
00006700 
00006800 
00006900 
00007000 
00007100
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

74 *%%%%%%%%%%%%%%%%% C O R R E C T R E S U L T S %%%%%%%%%%%%%%%%%%%%%%
75 *% %
76 *% %
77 *% 2 %
78 *% B —4 AC SHOULD EQUAL: 4312100000000000 %
79 *% %
80 *% 2 A SHOULD EQUAL: 4140000000000000 %
81 *% %
82 *% %
83 *% -  / 2 %
84 *% V B —4 AC SHOULD EQUAL: 421100000C000000 %
85 *% %
86 *% %
87 *% 0 SINCE THE FORMULA CALLS FOR - B + (THE SQUARE ROOT ETC.) THERE %
88 ** WILL BE A POSITIVE  ANSWER AND A NEGATIVE ANSWER TO THIS %
89 PROBLEM . THE RESULTS ARE: %
90 *% %
91 POSITIVE: 4118000000000000 AT L O C .•XSUB1 •%
92 *% %
93 NEGATIVE: C170000000000000 AT L O C .* XSUB2 '%
94 *% %
95 *% %
96

9/16/70

00007400
00007500
00007600
00007700
00007800
00007900
00C08000
00008100
00008200
00008300
00008400
00008500
00008600
00008700
00008800
00008900
00009000
00009100
00009200
00009300
00009400
00009500
00009600
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PAGE 5

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

99 *********** **#**=3! *********** R O U T I N E ** 00009800
99 * * 00009900

00GC18 7800 C146 0014C 100 LE 0, B B 0 0 01 00 0 0
OOOOIC 3C00 101 MER 0 , 0 B  ̂̂  2 * 0 00 10 1 00
GOCOIE 7820 C136 0013C 102 LE 2 , FOUR 4 * 0 00 10 2 00
000022 7C20 C142 00148 103 ME 2, A 4 * A 00010300
000026 7C20 C14A 00150 104 ME 2 ,C 4 * A * C * 00010400
0 0 0 0 2 A 3 B02 105 SER 0 , 2 B**2  -  4*A*C ❖ 00010500
G0002C 6000 C13A 00140 106 STD 0 , DOUBLE * 00010600
000030 4110 C13A 00140 107 LA 1 , DOUBLE PASS THE ADDRESS OF THE E . P .  NUMBER TO * 00010700
000034 58F0 C16A 00170 108 L 1 5 ,=V( IHCSSQRT) IHCSSQRT. * 00010800
000038 05-EF 109 BALR 14, 15 GO FIND THE SQUARE ROOT. ❖ 00010900
00003A 7840 C142 00148 110 LE 4 , A A * 0 0 0 11 0 00
00003 E 7C40 C14E 00154 111 ME 4 , TWO 2* A $ 0C01110Q
000042 7820 C146 0014C 112 LE 2, B B 0 00 11 2 00
000046 3122 113 LN ER 2 , 2 -B 00011300
000048 3A2 0 114 AER 2 , 0 -B  + SQRT(B**2 -  4*A*C) . . . T H E  SQ.ROOT £ 00011400
00004A 3D24 115 DER 2 ,4 FIRST ROOT COMES BACK IN* 00011500
00004C 7020 C152 00158 116 STE 2 , XSUB1 F . P .  REG.0 * G0011600
000050 7820 C146 0014C 117 LE 2 , B B ❖ 00011700
000054 3122 118 LNER 2 , 2 — B ❖ 00011800
000056 3B20 119 SER 2 , 0 -B  -  SQRT(B**2 -  4*A*C) * 0CQ11900
000058 3D24 120 DER 2 ,4 SECOND ROOT * 0 0 0 1 20 0 0
00005A 7020 C15A 00160 121 STE 2 , X SU82 ❖ 0GÜ12100

g 00005E 4110 CO BA oco co 122 LA 1 , MESSAGE * 0 0 0 12 2 00
® 000062 58F0 C16E 00174 123 L 1 5 ,=V(PRINT ) PRINT THE MESSAGE--------------------+ * 00012300

000066 05 EF 124 BALR 14,15 1 ❖ 00012400
000068 0000 ,125 CC H' 0* 1 £ 00012500
00 006A 58D0 DQ04 00004 126 L 1 3 ,4 (0 ,1 3 ) GET HIGHER SAVE POINTER ) V 000126CC
00006E 5810 D008 00008 ' 127 L 1 ,8 ( 0 , 1 3 ) 1 * 00012700
000072 98OC D01 4 00014 128 LM 0 ,1 2 ,2 0 ( 1 3 ) 1 ❖ 00012800
000076 07FE 129 BR 14 1 * 00012900
000078 130 SAVIT DS 18F 1 ❖ 00013000

131 * V 00013100
OOOOCO F1E3C8C9E24ÓC9E2 132 MESSAGE PC CL 121 * 1THIS IS THE SOLUTION TO THE QUADRATIC ROOT PROBLEM . ■ 00013200

133 * ❖ 00013300
000139 cooooo
00013C 41400000 134 FOUR DC E«4« 00013400
000140 OOOOOOOOOOOGOOOO 135 DOUBLE DC D * 0 1 * 00013500
000148 41200000 136 A DC E1 2 ' $ 00013600
0 0 0 14C 41BOOOOO 137 B DC E • 11' * 00013700
000150 C2150000 138 C DC E *- 21 * * OC 013800
000154 41200000 139 TWO OC E' 2' * 00013900

140 * * 00014000
000158 0 00 00 0 00 0 00 00 0 00 141 X SUB 1 DC D * 0 * RESULTS........... POSITIVE ROOT STORED HERE. * 00014100
000160 0 0 0 0 0 0 0 0 0 00 00 0 00 142 XSUB2 DC D1 0 ' " ❖ 00014200

143 * * 00014300

000168 80000140 144 ARG DC X ' 8 0 * ,AL3(DOUBLE) ❖ 00014400
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F44-LEVEL LINKAGE EDITOR OPTIONS SPEC IF IED  L E T , X REF , L I  ST
VARIABLE OPTIONS U S E D -  S IZE= (4 5 0 5 6 ,6 1 4 4 ) -  DEFAULT OPTION(S) USED

IEWOOOO ENTRY UT IL ITY

CROSS REFERENCE TABLE

CONTROL SECTION ENTRY

NAME ORIGIN LENGTH NAME LOCATION NAME LOCATION NAME LOCATION NAME LOCATION

SPRIVATE 00 178
U T IL IT Y 178 5A0

PRINT IDA PCHKRETN 436
IHCSSQRT* 718 145

SQRT 718
IHCECOMH* 860 F 39

IBCOM# 860 FDIOCS# 91C I NTSWTCH 177E
IHCC0MH2* 17A0 651

SEQDASD 1B0C
IHCERRM * 1 DF8 5BC

ERRMON 1DF8 IHCERRE 1 E l 0
IHCFCVTH* 23B8 119D

ADCON# 23B8 FCVAOUTP 2462 FCVLOUTP 24F 2 FCVZOUTP 2642
FCVIOUTP 29F0 FCVEOUTP 2 EF2 FCVCOUTP 3 IOC I NT6 SWCH 33F3

IHCEFNTH* 3558 512
ARITH# 3558 ADJSWTCH 38C4

ÏHCEFIOS* 3A7Ü 131C
FIOCS# 3A70 FIOCSBEP 3A7 6

IHCUOPT * 4D90 3 AO
IHCETRCH* 5130 28E

IHCTRCH 5130 ERRTRA 5138
IHCUATBL* 53C0 148

LOCATION REFERS TO SYMBOL IN CONTROL SECTION LOCATION REFERS TO SYMBOL IN CONTROL SECTION

170 IHCSSQRT IHCSSQRT 174 PRINT U T IL IT Y
7E8 IBCOM# IHCECOMH 810 IHCERRM IHCERRM
91C SEQDASD IHCC0MH2 1684 ADCON# IHCFCVTH

167C FIOCS# IHCEFIOS 1688 ARITH# IHCEFNTH
16A8 ADJSWTCH IHCEFNTH 1630 IHCUOPT IHCUOPT
16A4 IHCUOPT IHCUOPT 168C FCVEOUTP IHCFCVTH
1690 FCVLOUTP IHCFCVTH 1694 FCVIOUTP IHCFCVTH
1698 FCVCOUTP IHCFCVTH 169C FCVAOUTP IHCFCVTH
16A 0 FCVZOUTP IHCFCVTH 162C IHCERRE IHCERRM

165C IHCC0MH2 IHCC0MH2 1660 IHCERRM IHCERRM
1634 IHCC0MH2 IHCC0MH2 1638 IHCC0MH2 IHCC0MH2
163C IHCC0MH2 IHCC0 MH2 1640 IHCC0MH2 IHCC0MH2
1A31 IHCECOMH IHCECOMH 1A34 IHCECOMH IHCECOMH
17E4 IHCERRM IHCERRM 17E0 IBCOM# IHCECOMH
1C 51 IHCECOMH IHCECOMH 1C61 IHCECOMH IHCECOMH
1C71 IHCECOMH IHCECOMH 23A4 IHCUOPT IHCUOPT



LOCATION REFERS TO SYMBOL IN CONTROL SECTION LOCATION REFERS TO SYMBOL IN CONTROL SECTION

23A8 IBCOM# IHCECÜMH 23 AC IHCTRCH IHCETRCH
23B0 FIOCSBEP IHCEFIOS 33B4 IBCOM# IHCECOMH
33 BO IHCERRM IHCERRM 3914 IBCOM# IHCECOMH
3918 iNTSWTCH IHCECOMH 38C0 INT6 SWCH IHCFCVTH
38BC IHCUGPT IHCUOPT 3920 ADCON# IHCFCVTH
391C F IOCS# IHCEFIOS 398C IHCERRM IHCERRM
3BD0 IHCERRM IHCERRM 49C0 IHCUATBL IHCUATBL
49CC IBCQM# IHCECGMH 52A4 IBCOM# IHCECOMH
52A8 ADCÜN# IHCFCVTH 52AC FIOCSBEP IHCEFIOS

ENTRY ADDRESS 178
TOTAL LENGTH 5508

DOES NOT EXIST BUT HAS BEEN ADDED TO DATA SET

t
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PAGE 6

LOC OBJECT CODE ADDR1 ADDR.2 STMT SOURCE STATEMENT F08APR70 9/16/70

147 *$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.1 $$$$$$$$$$$$$£$$$$$$$$$$$$$$$
148 *$ $
149 *$ THE LOCATIONS IN CORE YOU SHOULD LOOK AT IN ORDER TO $
150 *$ DETERM
151 *$ ARE:
152
1 53 *$
1 54
155 *$
156 *$
157 *$
158 ❖ $$$$$$$$$$$$$$$$

INE IF THE RESULTS OF THE ROUNTINE ARE CORRECT $
$

A. 20 AND 28 + THE STARTING ADDRESS OF THE PROGRAM s $ 
8 . 158 AND 160 + THE PROGRAMS STARTING ADDRESS '$
C. 158 AND 160 IN THE CORE DUMP $
D. 63FA0 AND 63FA8 $

$
$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00014700 
00014800 
O C O14900 
COO 15000 
00015100 
00015200 
00015300 
00015400 
00015500 
00015600 
00015700 
0 C 01 5 8 0 0
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PAGE 7

LGC OB JEC T  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 C

161 *============================ answ er  1 5 . 1  ========================
162 *=
163 *=
164 *= B IS THE CORRECT ANSWER
165 * =
166 *= LOCATION 158 AND 160 HEX IN THE PROGRAM ARE *XSUB1 AND XSUB2*
167 *=

0Ü01610Q 
00016200 
C00163QC 
OOG16400 
00016500 
GC01660Ü 
000167GC 
000168G0

170
171
172
173 * +
174
175 * +
176
177

+ + + + + + + + + + -M- + + + + + + ++++++++ w I S D 0 M + + + + + + + + + + + + + + + + -H- + + + + 4'4-4- + + -M- +
4-

PROGRAMS ARE FOR THE MOST PART JUDGED ON WHETHER OR NOT THEY +
PERFORM CORRECTLY. THAT IS TO SAY, WHETHER OR NOT THE CORRECT +
ANSWERS COME OUT. L E T ’ S SEE IF THE RESULTS OF OUR PROGRAM ARE +
RIGHT. +

+
+ + + + + + + -M- + + + ++ + + + + + +-M- + 4- + -M- + + + + + + + 4- + + + + + + -M-4- 4- 4- 4- 4- + + + + + + + + -M- + 4- + -M- + + + + + +

00017000 
0CQ17100 
00017200 
00017300 
00017400 
00017500 
COO 17 600 
00017700

179 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.2 $$$$$$$$$$$$$$$$$$$$$SS$$$
180 *$
181 *’$
182 *$ WHAT ARE THE CONTENTS OF LOCATIONS • X S U 8 1 ■ AND 'XSU82 ' IN THE
183 *$ STORAGE DUMP ?
184 *$ THE ANSWER IS _____________________________.
185
186 *$
187  * $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ * $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ * $ $ $ « $ $ $ $ $ $ $ $ $ $

$
S
$
$
$
$
$
$
$

00017900 
00018000 
00 018 100 
GQ0182CC 
00018300 
00018400 
00018500 
00018600 
00018700
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LHC OB JECT  CODE ADDP1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 0

1 8 9  *============================ ANSWER 1 5 . 2

190  *=
191  *=

192  *= ZEROS

193  *=
1 9 4  *=

1 9 5  * =

0 0 0 1 8 9 0 0

0 0 0 1 9 0 0 0
0 0 0 1 9 1 0 0
0 0 0 1 9 2 0 0

0 0 0 1 9 3 0 0
0 0 0 1 9 4 0 0
0 0 0 1 9 5 0 0

197 *+ + + + + + + + + + + + + + + + + + + + + + 4- + + 4- + W
198 * +
199 *  +
200 *+ THIS WOULD LEAD ME TO BEL
201 *+ WITH OUR PROGRAM. WHY DON
202 *+ EVENTUALLY DETERMINE WHAT
203 * +
204 * +
20 5 * + + + +• ++ + + + + -*-+ ++ +++ + + + ++ + + + + + + +

I S D 0 M +++++++++++++++++++++++++++++

I E V E  T H A T  S O M E T H IN G  HAS GONE AWRY +

• T WE GO ON TO S EE  I F  WE CAN +
THE PR O B LE M  I S .  +

+
4- + + + + + + + ++++ ++ + + ++ + + + + + + + + + + + + + 4--M- + + ++ + + +

0 0 0 1 9 7 0 0  

0 0 0 1 9 8 0 0  
0 0 0 1 9 9 0 0  
0 0 020000  
00020100  
00020 200 
0 0 0 2 0 3 0 0  

0 0 0 2 0 4 0 0  

0 0 0 2 0 5 0 0

2 0 7 *$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  Q U E S T IO N  1 5 . 3  $ $ $ £ $ $ $ $ $ $ $ % $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 0 0 0 2 0 7 0 0

2 0 8 *$ $ 0 0 C 2 0 8 0 0

2 0 9 ❖  $ $ 0 0 0 2 0 9 0 0

2 1 0 # $ WHICH OF THE  F O L L O W IN G  C A U S E D  US TO T A K E  A DUMP ? $ 0 u 0 2 1C 0 0

211 # $ $ 0 0 0 2 1 1 0 0

21 2 ❖  $ A .  A PROGRAM C H E C K $ 0 0 0 2 1 2 0 0

213 *$ B .  AN E X T E R N A L  I N T E R R U P T $ 0 0 0 2 1 3 0 0

2 1 4 *$ C .  A CH AN N EL  D A T A  CHECK $ 000  2 1A 0 0

2 1 5 *$ D. NONE OF THE  ABOVE 5> 0 0 u 2 150 0

2 1 6 # $ $ 0 0 0 2 1 6 0 0

2 1 7 *$ $ 0 0 0 2 1 7 0 0

218 *$ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ « $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 0 0 0 2 1 8 0 0
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

221 *============================ ANSWER 15.3  ==
222 * =

223 *=
2 24 * = THE CORRECT ANSWER IS----------------- > A
225 *=
226 * =
227 *===========================================:

00022100
00022200
00022300
00022400
00022500
00022600
00022700

$CJ1

*$

THE TYPE OF INTERRUPTION INDICATED IS

229 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.4  $$$$$$$$$$$$$$$$$$$$$$$$$$$
230
231
232
233
234
235
236 *$
237 *$
238
239

*$
# $ 
*$

*$
*$

$ 

$ 
$ 
$ 
$ 
$ 
$ 
$ 
$

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

A.
B.
C.
D.

ADDRESSING EXCEPTION. 
DATA EXCEPTION. 
EXECUTE EXCEPTION. 
EXPONENT OVERFLOW.

00022900 
00023COO 
0002310C 
00023200 
00023300 
00023400 
00023500 
00023600 
00023700 
00023800 
00023900



356

LOC

PAGE 1C

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

242 *=== = = =
243 * =
244 *=
245 *= A
246 * =
247 *=
248 *== ===;

======= ANSWER 15 .4  =============================

IS THE THE CORRECT ANSWER. THE INTERRUPT CODE IS 05.

00024200
00024300
00024400
00024500
00C24600
00024700
00024800

2 50 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.5  $$$$$$$$$$$$$$$$$$$$$$$$$$$ 00025000
251 *$ $ 00025100
2 52 *$ $ 00025200
253 *$ THE REASON FOR THIS INTERRUPTION IS : $ 00025300
2 54 *$ $ 00025400
255 *$ A. AN EXECUTE ATTEMPTED TO EXECUTE AN $ 00025500
256 *$ EXECUTE. $ 00025600
257 *$ B. A PRIVILEGED OPERATION WAS PERFORMED. $ GOC25700
258 *$ C . THE ADDRESS OF THE INSTRUCTION $ 000258CO
259 SPECIFIED  DATA OR AN INSTRUCTION $ 00025900
260 *$ OUTSIDE AVAILABLE STORAGE. $ 00026000
261 # $ D. AN EXPONENT OVERFLOW TOOK PLACE. $ 00026100
262 *$ $ 00026200

263 $ 00026300

264 *$ $ 00026400
265 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00026500
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/7Q

268 *============================ ANSWER 15.5 =============================
269 * =
270 *=
271 *= ANSWER C IS CORRECT. SO SAYETH THE PR INCIPLES  OF OPERATION MANUAL.=
272 *=
273 *=
274 *'=
275 *======================================================================

0002680C
00026900
00027000
00027100
00027200
00027300
00027400
00027500

277 *$$$$$$$$$$$$$$$$$$$$$$$$$*$$ QUESTION 15.6 $$$$$$$$$$$$$$$$$$$$$$$$$$* 00027700
278 *$ $ 00027800
279 *$ $ 00027900
280 *$ THE FAILING INSTRUCTIONS ADDRESS IN CORE MAY BE FOUND BY $ 00028000
281 EXAMINING THE WORD AT STORAGE LOCATION . $ 00028100
2 82 *$ $ 00028200
283 A . X '3 4 ' $ 00028300
284 B . X * 2C * $ 00028400
285 *$ C . X • 7 0 ' $ 00028500
286 D. X'00* $ 00028600
287 $ 00028700
288 *$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*$$$$$$$$$$$$$$$$$$$$ 00C28800
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

291 *============================ ANSWER 15.6  ============================= 00029100
292 *= = 00029200
293 *= = 000293C0
294 * = B IS R IGHT................. THATS THE ADDRESS OF THE SECOND WORD OF THE = 00029400
295 *= PROGRAM OLD P .S .W .  . = 00029500
296 *= = 00029600
297 *= = 00029700
298 *= = 00029800
2Q9 *======================================================================= 000 29900

301 * $$ $$$$$$$$$$$$$$$$$$$$$$$$$$ QUE ST ION 15.7 $$$$$$$$$$$$$$$$$$$$$$$$$$$ 00030100
302 *$ $ 00030200
303 *$ $ 00030300
304 # $ THE FAILING INSTRUCTION IS LOC ATED AT THE STARTING ADDRESS $ 00030400
305 *$ OF THE PROGRAM PLUS $ 00030500
306 $ 00030600
307 *$ A . 7 2E BYTES $ 00030700
308 ❖  $ B. 7 2 A BYTES $ 00030800
3 09 *$ C . 63EAC BYTES $ 00030900
310 *$ D. 11D6 BYTES $ 000310C0
311 *$ $ 00031100
312 ❖ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$S$$$$$$$S$$$ 00031200
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PAGE 14

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

351 * =
352 *=
353 *=
354 *=
355 *=
356 *=
357 *=
358 *=
359
3 60 *=
361 *=
362 *=
363 *= =

:======================== ANSWER 15.8

THE ANSWER IS C . IHCSSQRT

THE LINKAGE EDITOR CROSS REFERENCE TABLE TELLS US THAT IHCSSQRT = 
HAS AN ORIGIN AT 718 BYTES INTO THE PROGRAM AND A LENGTH OF 149 =
BYTES. I SENSE YOU MUTTERING»"HOW CAN I GO ANY FURTHER ?
THE PROBLEM IS SOMEONE ELSES ROUTINE AND I DON'T HAVE A L IS T IN G . "= 
PLEASE DON'T GIVE UP» LE T 'S  STICK WITH IT  A WHILE LONGER, OKAY? =

365 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15 .9  $$$$$$$$$$$$$$$$$$$$$$$$$$
3 66 *$ $
367 *$ $
368 *$ THE CODE THAT FAILED IS : $
369 $
370 *$ A. 12114740F03C $
371 *$ B. C58E1000 $
372 *$ C. 4740F078 $
373 *$ D. 784E0000 $
3 74 *$ E. 0000784E $
375 *$ $
376 *$ THEi ANSWER IS • $
377 $
378 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00035100 
00035200 
00035300 
00035400 
00035500 
00035600 
00035700 
00035800 
O C035900 
00036000 
00036100 
00036200 
0003630C

00036500
00036600
00036700
00036800
00036900
00037000
00037100
00037200
00037300
00037400
00037500
00037600
00037700
00037800
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 08 APR 7 0 9/16/70

381 *=-------------=------ == -  -  ANSWER 15.9
382 * = =
3 83 *= =
384 *= ANSWER D IS CORRECT. =
385 *= =
386 *= =
387 *= LET US PROCEED . =
388 *===============

00038100
00038200
00038300
00038400
00038500
00038600
00038700
00038800

390
391
392
393 
3 94
395
396

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.10 $$$$$$$$$$$$$$$$$$$$$■ $$$$$
* $  $
*$ WHEN TRANSLATED INTO A SYMBOLIC INSTRUCTION THE FAILING CODE $
*$ WOULD B E ________________________ ? $
* $  $
* $  $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00039000
00039100
00039200
00039300
00039400
00039500
00039600
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

3 99  *«========================:==: ANSWER 15 .10  ============================
400 *=
4.01"** HOW ABOUT A LE 4 ,0 (1 4 )
402 *= =
403 ** --------- ----------------> ITS A 'LOAD SHORT» FLOATING POINT INST. =
404 **
405 *= =

408 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.11 $$$$$$$$$$$$$$$$$$$$$$$$$$
409 *$ $
410 *$ $
411 *$ TRUE/FALSE $
412 *$ $
413 *$ REGISTER 14 CONTAINS A NUMBER THAT IF  USED AS AN ADDRESS IS $
414 *$ WELL WITHIN THE RANGE OF AVAILABLE STORAGE. $
415 *$ $
416 *$ S
417 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00039900
00040000
00040100
00040200
00040300
00040400
00040500
00040600

00040800
00040Q00
00041000
00041100
00041200
00041300
00041400
00041500
00041600
00041700
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT E08APR70 9/16/70

420
421
422
423
424 
42 5
426
427
428
429
430
431
432
433

*============================ ANSWER 15.11 ============================
#= =
*= F A L S E  REGISTER 14 CONTAINS 43121000 (THE 121000 IS USED AS =
*= THE ADDRESS PORTION OF THE REGISTER ) AND THATS A BIG NUMBER.
*= THE MERE FACT THAT WE GOT AN ADDRESSING EXCEPTION WHEN ATTEMPTING=
*= TO USE REGISTER 14 AS AN INDEX REGISTER TELLS US THAT OUR ADORE SS=
*= IS OUTSIDE AVAILABLE STORAGE. ITS NOT REALLY NECESSARY TO KNOW 
*= THE AMOUNT OF STORAGE AVAILABLE IN THIS CASE.
* = =
*= =
"*= ' L E T 'S  KEEP GOING. EVER ONWARD.
* = =

=
*= = ==== = == = = == = = = == = = = = = = == = = = = = = = = = = = = ;= = := = = = = = = = = = =: = =: = == = = = = = = = = =: = = = = =

00Ü42C00 
0UQ42100 
00042200 
00042300 
00C42400 
00042500 
00042600 
00042700 
0G042800 
00042900 
G0043000 
00043100 
00043200 
00043 3G 0

435 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.12 $$$$$$$$$$$$$$$$$$$$$$$$$$ 00043500
436 $ 00043600
437 *$ $ 00043700
438 *$ THE FAILING INSTRUCTION IS LOCATED AT THE STARTING ADDRESS OF $ 00043800
439 *$ IHC SSORT PLUS $ 00043900
440 *$ A. X '1 5 8 ' BYTES $ 00044000
441 -5s $ B. X ' 7 2 ' BYTES $ C0044100
442 # $ C. X' 12' BYTES $ 00044200
443 *$ D. 12 BYTES $ 00044300
444 *$ $ 00044400
445 *$ THE ANSWER I S ................... i 00044500
446 *$ $ 00044600
447 ♦  $$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$e 00044700
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

450
451
452
453
454
455
456

*==
*=

*= ANSWER

===== ANSWER 15,12  ============================

C IS RIGHT. 72A—718=X'12•

*= 
* =

458 *++++++++++++++++ W O R D S  F R O M  T H E  S A G E  +++++++++++++++
459 * + +
460. * + L E T 'S  SEE IF WE CAN FIND OUT WHERE REGISTER 14 GETS LOADED. +
461 *+ +
462 *+ H E Y . . .  12 BYTES IS N 'T  VERY FAR * WE CAN PSYCH OUT THAT +
463 *+ FEW INSTRUCTIONS WITH NO TROUBLE AT ALL .  WELL, CAN 'T  +
464 *+ WE? +
465 *+ +
466 * + + + + + ++++++++++ +++++ + -M- + + + +++-M-+ + + +++ +++ + +++ + ++ + ■»- + + + + + + + + + + +4-+ + + + + + + 4- +

468 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.13  $$$$$$$$$$$$$$$$$$$$$$$$$$
469 *$ $
470 *$ $
471 *$ THE FIRST INSTRUCTION IN IHCSSQRT IS LOCATED_________ BYTES INTO $
472 *$ THE PROGRAM AND IS A _________________. $
473 *$ $
474 *$ $
475 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$■ $$$$.$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00045000
00045100
00045200
00045300
00045400
00045500
00045600

000458CÜ 
00045900 
00046000 
00046100 
00046200 
00046300 
00046400 
00046500 
00046600

00046800
0CG469C0
00047000
00047100
000472C0
00047300
00047400
00047500
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

479 * = 
4 80 *=
481 * =
482 *=
483 *=
484

ANSWER 15.13  ============================

718, BC 1 5 ,10 (1 5 )

D

486 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15 .14  $$$$$$$$$$$$$$$$$$$$$$$$$$
487 *$ $
488 $
489 *$ THE INSTRUCTION THE INSTRUCTION IN THE PREVIOUS QUESTION WILL $
490 *$ BRANCH TO IS A ___ $
491 *$ ~  A. STORE MULTIPLE $
492 *$ B. LOAD REGISTER $
493 C. ADD REGISTER $
494 *$ D. SHIFT LEFT  LOGICAL $
495 THE ANSWER IS_____ $
496 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9/16 /70

00047800 
00047900 
00048000 
00048100 
00048200 
00048300 
00048400

00048600
00048700
00048800
00048900
00049000
00049100
00049200
00049300
00049400
00049500
00049600
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APRT0

4 9 9  *  =
5 0 0  * =
5 0 1  * =
5 0 2  * =
5 0 3  * =
5 0 4  * =
5 0 5  * =
5 0 6  *■= 
5 0 7  * =  
5 0 8  *==

THE CORRECT ANSWER IS  A

H E Y , THAT MAKES S E N S E . IH C SSQ R T SHOULD ALSO FOLLOW L IN K A G E  
C O N V E N T IO N S ,  L I K E  EVERYONE E L S E .
T H I S  M IG H T  MEAN WE CAN PROVE WHAT THE CONTENTS OF R E G IS T E R  
1 4  WAS WHEN IH C SS Q R T WAS E N TE R ED .

5 1 0
5 1 1
5 1 2
5 1 3
5 1 4
5 1 5
5 1 6
5 1 7
5 1 8
5 1 9
5 2 0

* $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  Q U ES TIO N  1 5 . 1 5  $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $  
* $  $
*$ $
* $  I S  R E G IS T E R  1 4  ONE OF THE R E G IS T E R S  STORED BY THE STM IN S T R U C T IO N S
* $ ____________? S
* $  $
*$ $
* $  I F  SO, ARE THE CONTENTS OF STORAGE THE SAME AS THE CURRENT $
* $  CONTENTS OF R E G IS T E R  1 4  ? $
*$ $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 / 1 6 / 7 0

0 0 0 4 9 9 0 0
0 0 0 5 0 0 0 0
0 0 0 5 0 1 0 0
0 0 0 5 0 2 0 0
0 0 0 5 0 3 0 0
0 0 0 5 0 4 0 0
0 0 0 5 0 5 0 0
0 0 0 5 0 6 0 0
0 0 0 5 0 7 0 0
0 0 0 5 0 8 0 0

0 0 0 5 1 0 0 0
0 0 0 5 1 1 0 0
0 0 0 5 1 2 0 0
0 0 0 5 1 3 0 0
0 0 0 5 1 4 0 0
0 0 0 5 1 5 0 0
0 0 0 5 1 6 0 0
0 0 0 5 1 7 0 0
0 0 0 5 1 8 0 0
0 0 0 5 1 9 0 0
0 0 0 5 2 0 0 0
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LOC

'V'

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

523 * =
524 * =
525 *=
526 *=
527 * =
528 *= 
52 9 *'=
530 *=
531 *=
532 *=
533 *=
534 *=;

= ANSWER 15.15

REGISTER 14 IS ONE OF THE REGISTERS STORED BY THE STM.

THE CONTENTS OF THE STORAGE LOCATION WHERE THE ORIGINAL REGISTER = 
14 WAS STORED IS NOT THE SAME AS THE CURRENT CONTENTS OF 
REGISTER 14. /

REGISTER 14 WAS STORED AT THE LOCATION POINTED TO BY REGISTER = 
13 PLUS 12 BYTES.

00052300
00052400
00052500
00052600
00052700
00052800
00052900
00053000
00053100
00053200
00053300
00053400

536 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.16  $$$$$$$$$$$$$$$$$$$$$$$$$$
537 *$ $
538 *$ $
539 *$ T R U E / F A L S E  $
540 *$ $
541 *$ REGISTER 14 WAS MODIFIED TO ITS CURRENT VALUE IN IHCSSQRT . $
542 *$ $
543 *$ $
5 4 4  *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$.$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00053600
00053700
00053800
00053900
00054000
00054100
00054200
00054300
00054400
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

5 4 6  * = = = = = = = = = = = = = = = = = = = = = = = = = = = =  ANSWER 1 5 . 1 6  = = = = = = = = = = = = = = = = = = = = = = = = = = = =
5 4 7  * =
5 4 8  * =  T R U E
5 4 9  * =
550 *======================================================================

552 *+++++-n-++++++++++++++++++++++ W I S E  W O R D S  ++++++++++++++++++++
553 * + +
554 *+ HEY GUYS, THAT CINCHES IT ,C A LL  IN THE F O R T R A N  BOYS +
555 *+ TO F IX  THEIR SUBROUTINE SO WE CAN SUCCESSFULLY FIND THE ROOT +
556 *+ OF OUR QUADRATIC EQUATION, OR HAVE YOU FORGOTTEN ? +
557 *+ +
558 *+ BUT JUST WAIT A MINUTE, JUST SO WE DON'T WIND UP WITH EGG ON +
559 *+ OUR FACE L E T 'S  GO A L IT T LE  FURTHER. +
560 *+ +
561 # + ++ + + + + -»-+ + + + -*- + + + + ++ + + + +4- + + + + + ++ + + + + + + + + + + ++++ + + + + + + + + +

563 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15 .17  $$$$$$$$$$$$$$$$$$$$$$$$$$
564 *$ $
565 *$ $
566 *$ WHAT INSTRUCTION WILL EXECUTE AFTER THE STM IN IHCSSQRT ? $
567 *$ $
568 *$ THE ANSWER I S ......................  $
569 *$ $
570 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /7 0

00054600
00054700
00054800
00054900
00055000

00055200
00055300
00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056100

00056300
00056400
00056500
00056600
00056700
00056800
00056900
00057000
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FÜ8APR70 9/16/70

573 *==
574 *=
575 *=-
576 *=
577 * =
578 *=
579 *=
580 *=
581 *=■
582 *=
583 *==

ANSWER 15.17

H M M M M M M M M

ITS A ......... L 14 ,0 (1 )

NOW WE'RE GETTING SOMEWHERE.

00057300
00057400
00057500
00057600
00057700
00057800
00057900
00058000
00058100
00058200
00058300

585 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.18 $$$$$$$$$$$$$$$$$$$$$$$$$$
586 *$ $
587 *$ $
588 *$ WHAT IS THE NEXT INSTRUCTION EXECUTED AFTER THE L 14 ,0 (1 )  ? $
589 *$ $
590 *$ THE ANSWER IS_____________ . $
591 $
592 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00058500
00058600
00058700
00058800
00058900
00059000
00059100
00059200
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

594 ♦ = = = = = = = = = = = = = = = = = = : = = = = = = = = = =  ANSWER 1 5 . 1 8  = = = = = = = = = = = = = = = = = = = = = = = = = = = =  0 0 0 5 9 4 0 0
5 9 5  * =  = 0 0 0 5 9 5 0 0
5 9 6  * =  THE LE 4 , 0 ( 1 4 1  W HIC H F A I L E D .  = 0 0 0 5 9 6 0 0
5 9 7  * =  = 0 0 0 5 9 7 0 0

6 0 0 *%%%%%%%%%%%%%%%%%%%%%%% R E C A P %%%%%%% R E C A P %%%%%%%%%%%%%%%%%%0 0 0 6 0 0 0 0
6 0 1 %0 0 0 6 0 1 0 0
6 02 *% %0 0 0 6 0 2 0 0
6 0 3 *% THE IN S T R U C T IO N  STREAM EXECUTED IN  IH C SSQ R T IS  AS FOLLOWS: %0 0 0 6 0 3 0 0
6 0 4 %0 0 0 6 0 4 0 0
6 0 5 BC 1 5 , 1 0 ( 1 5 ) 1 *  s * %0 0 0 6 0 5 0 0
6 06 *% STM 1 4 , 1 5 , 1 2 ( 1 3 ) 2 * * * % 0 0 0 6 0 6 0 0
6 0 7 L 1 4 , 0 1  1) 3 *  *  * %0 0 0 6 0  7 0 0
6 08 *% LE 4 , 0 ( 1 4 ) 4 T I L T " * ' * * * * * %0 0 0 6 0 8 0 0
6 0 9 *% *  *  * %0 0 0 6 0 9 0 0
6 1 0 *% *  *  * %0 0 0 6 1 0 0 0
6 1 1 *% *  *  * %0 0 0 6 1 1 0 0
6 1 2 *% %0 0 0 6 1 2 0 0
6 1 3 *% L E T  US C O N T I N U E . . . , %0 0 0 6 1 3 0 0
6 1 4 *% %0 0 0 6 1 4 0 0
6 1 5  *%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0 0 0 6 1 5 0 0
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

618
619
620 
621 
622
623
624
625 
62 6
627
628
629
630

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15*19 $$$$$$$$$$$$$$$$$$$$$$$$$$
*$ $
*$ THE LOCATION WHOSE CONTENTS IS LOADED INTO REGISTER 14 BY $
*$ INSTRUCTION 3 IN THE RECAP (L 1 4 ,0 (1 )  IIS  LOCATED AT: $
*$ $
*$ A. X 18 0 0 1 BYTES INTO THE PROGRAM $
*$ B. X '140• BYTES INTO THE PROGRAM $
*$ C. X * 750 * BYTES INTO THE PROGRAM $
*$ D* AT LOCATION 0000 $
*$ $
*$ THE ANSWER IS________ . $
* $  $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00061800
00061900
00062000
00062100
00062200
00062300
00062400
00062500
00062600
00062700
00062800
00062900
00063000
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LOC OBJECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7  0 9 / 1 6 / 7 0

633 *============================ ANSWER 15.19 ==
634 *=
635 *= ---------------------------> B <-----
636 * =
637 *===========================================

00063300
00063400
00063500
00063600
00063700

639
640
641
642
643
644
645
646

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.20 $$$$$$$$$$$$$$$$$$$$$$$$$$
* $  $
*$ $
*$ IN WHAT CSECT IS THE ADDRESS REFERRED TO IN QUESTION 15.19  $
*$ LOCATED ? $
*$ THE CSECT NAME IS _____________ . $
* $  $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00063900
00064000
00064100
00064200
00064300
00064400
00064500
00064600
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LQC OB JECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 0

649
650
651
652
653
654
655
656
657

*= = : 
# =
* =
* =
* =
* =
* =
# = 
*==:

======================== ANSWER 15.20 =:

$PRIVATE 

H E Y  T H A T  

YOU SHOULD HAVE USED THE LINKAGE EDITOR

1 s U S

CROSS REFERENCE TABLE.

00064900 
00065000 
00065100 
00065200 
00065300 
00065400 
00065500 
00065600 
00065700

659
660 
661 
662
663
664
665
666

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.21 $$$$$$$$$$$$$$$$$$$$$$$$$$
* $  $
*$ WHAT ARE THE CONTENTS OF THE CORE STORAGE LOCATION PCINTED S
*$ TO BY REGISTER 1 ? $
#  $  $

*$ THE STORAGE LOCATION CONTAINS__________ . $
* $  $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00065900
00066000
00066100
00066200
00066300
00066400
00066500
00066600
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L CC OB JECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 C  9 / 1 6 / 7 0

669 *============================ ANSWER 15.21 ======================
670 *=
671 *= 43121000
672 * =
673 * = THAT NUMBER LOOKS VAGUELY F A M IL IA R , BUTS LETS HOLD OFF FOR A
674 *= L ITTLE  WHILE .
675 *=
676 *•===============================================================

00066900 
00067000 
000671 CO 
00067200 
00067300 
00067400 
00067500 
00067600

678 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.22 $$$$$$$$$$$$$$$$$$$$$$$*$$ 00067800
679 $ 00067900
680 $ 0C068C00
681 *$ WHAT IS THE SYMBOL NAME OF THE LOCATION REFERENCED $ 00068100
682 *$ BY THE ADDRESS IN REGISTER 1 . $ 00068200
683 $ 00068300
684 *$ A. •XSUB1' $ 00068400
685 # $ Be •XSUB21 $ 00068500
6 86 *$ C. 'DOUBLE' $ 00068600
687 D. • F IOCS#' $ 00068700
688 #$ $ 00068800
689 *$ THE ANSWER IS $ 00068900
690 *$ $ 00069000
691 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00069100
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LOC OB JECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 C  9 / 1 6 / 7 0

694 * =
695 *=
696 *=
697 * =
698 * =
6 99 * =
7 00 *= 
701 *=■

ANSWER 15.22

THE ANSWER IS C (DOUBLE)

THIS TIME YOU COULD HAVE USED THE ASSEMBLE^ CROSS REFERENCE LIST .=

00069400
00069500
00069600
00069700
00069800
00069900
00070000
00070100

703 
7 04
705
706 
7 07 
7 08 
7 09

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUEST I 
# $
*$ THE INSTRUCTION THAT LOADS REGI 
*$ «DOUBLE* IS LOCATED AT ASSEMBLE 
*$ L ISTING  ?
*$
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

ON 15.23  $$$$$$$$$$$$$$$$$$$$$$$$$$
$

STER ONE WITH THE ADDRESS OF $
D ADDRESS_________ IN OUR ASSEMBLY $

$
$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00070300
00070400
00070500
00070600
00070700
00070800
00070900
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LOC OB JECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 0

712 *============================ ANSWER 15.23
713 *=
714 *=
715 *= X 130 *
716 * =
717 * =

00071200
00071300
00071400
00071500
00071600
00071700

719 *%%%%%%%%%%%%%%%%%%%%%%%%%%%% R E C A P  %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
720 *% %

721 *% L E T 'S  RECONSTRUCT THE CRIME. %

722 *% %
723 *35 THE FIRST THING WE DID WAS LOAD THE ADDRESS OF 'DOUBLE' INTO *
724 *% REGISTER 1. THEN WE BRANCHED TO IHCSSQRT. JUST A L ITTLE  WAY %

725 *% INTO IHCSSQRT WE BLEWUPIBOOGCM)WHEN WE ATTEMPTED TG LOAD %

726 *35 FLOATING POINT REGISTER 4 FROM SOME WAY OUT LOCATION. %
727 *35 *
728 *% L E T 'S  GO ON TO SEE IF THE BUTLER DID IT .  %

729 *% %
“7 0  r\ Q/ o/ op qp op op kd q? q? i?  a? >j? u? <j > up 07 qp qp a? 7 qp qp qp op kb qp qp qp qp 07 up qp up tt' up ty ur qp qp 07 0/ a/ u/ a/ qp a? ty w c ; © C P ( P ü ? o ; a ? ^ ^ ^  y

00071900 
00072COO 
00072100 
00072200 
00072300 
00072400 
00072500 
00072600 
00072700 
00072800 
00072900 
00073000
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LOC OB JECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 C

733
734
735
736
737
738
739
740
741
742
743
744

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.24  $$$$$$$$$$$$$$$$$$$$$$$$$$
* $  $
*$ THE SQUARE ROOT SUBROUTINE ■ REQUIRES' THE ADDRESS OF $
*$ WHICH OF THE FOLLOWING TO BE PASSED TO IT IN REGISTER 1 ? $
* $  $
*$ A. A FLOATING POINT NUMBER $
*$ B. A FIXED POINT NUMBER $
*$ C. A PARAMETER L IST  $
*$ D. A SAVE AREA $
*$ $
*$ $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

GO073300 
0007340G 
00073500 
00073600 
00073700 
00073800 
00073900 
00074CQ0 
00074100 
00074200 
0C074300 
00074400

746 * = = = = === = = === = = == === = = = = = ==== ANSWER 15.24  = = ■
747 *=
748 * = C--------- > A PARAMETER LIST
749 * =
7 50 *============================================

00Q74600
00074700
00074800
00074900
00075000

752
753
754
755
756
757
758
759
760
761
762
763

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 15.25 $$$$$$$$$$$$$$$$$$$$$$$$$$
* $ S
*$

*$ 
# $ 
*$ 
*$ 
*$ 
*$ 
*$

THE ADDRESS OF WHICH OF THE FOLLOWING 
IHCSSQRT IN REGISTER 1 :

' IS ' BEING PASSED TO

A. A FLOATING POINT NUMBER
B. A FIXED POINT NUMBER
C. A PARAMETER L IS T
D. A SAVE AREA

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00075230 
30 0 75 3 0 0 
00075400 
COO 75500 
00075600 
00075700 
00075800 
00075900 
00076000 
00076100 
00076200 
00076300
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m e OB JEC T  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F Ü 8 A P R 7 0  9 / 1 6 / 7 0

766 * = :
767 * =
768 * =
769 * =
770 * =
771 *=
772 *=
773 * =
774 *=
775 * =
776 *=

======================== ANSWER 15.25 =======================

WOULD YOU BELIEVE A FLOATING POINT NUMBER--------- > ANSWER ’ A1

SEEMS TO ME WE HAVE FOUND THE CULPRIT .

— ------------------ > I T S  M E .  <--------------------

FRENCH SUBTITLE-------------- > "C 'E S T  M OI."

0007660C
00076700
00076800
00076900
00077000
00077100
00077200
00077300
00077400
00077500
00077600

778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798 
79° 
800 
801 
8 02
803
804
805
806
807
808 
809

*%%%%%%%%%%%%%%%%%%%%%%%%% R E C A P  
*%

THE INSTRUCTION STREAM WE WENT

%
%

THROUGH WAS AS FOLLOWS: %
*% %

IN * $PRIV AT E * : *
LA 1 , DOUBLE LA OF F.P.NUMBER %
L 15,=V(IHCSSQRT) ADDRESS OF ROUTINE % 
BALR 14,15 BRANCH WITH RETURN A DDR IN 14 %

%
IN 1 IHC SSQRT *:

*%
*%

*%
*%

BC 15,10 (15) BRANCH AROUND CUNSTANTS %
STM 1 4 ,1 5 ,1 2 (1 3 ) SAVE REGS
L 1 4 ,0 ( 1) LOAD F . P  NUMBER IN 14 %
LE 4 ,0 (1 4 ) F A I L I N G I N S T %

*%
*%
*% 0
*%

*%

*%

*%

I SHOULD HAVE LOADED THE ADDRESS OF A PARAMETER L IS T  IN REGISTERS
1 INSTEAD OF THE ADDRESS OF THE NUMBER I WANTED TO TAKE THE %
SQUARE ROOT OF. THE PARAMETER LIST  MAY BE FOUND IN THE LOCATION % 
WHOSE SYMBOLIC NAME IS 1ARG1 IN *$PRIVATE*. %

%
A VERY IMPORTANT POINT TO REMEMBER IS THAT WE CAN CAUSE SOME %
OTHER ROUTINE TO FA IL  BY PASSING INCORRECT PARAMETERS TO IT .  %
AS IN THIS CASE, AT FIRST IT  WOULD APPEAR THAT THE SUBROUTINE % 
WAS FA IL ING , IT WAS REALLY THE INCORRECT PARAMETERS WHICH CAUSED^ 
THE PROBLEM. %

%
THUS, ON THIS HAPPY NOTE THE DUMP ANALYSIS PROJECT COMES TO %

A CLOSE. %

*%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%*1%%%%%%%%%%%%%%%%%

00077800 
00077900 
00078000 
00078100 
00078200 
00078300 
00078400 
00078500 
000786OG 
00078700 
00078800 
0C078900 
0G079000 
00079100 
00079200 
00079300 
00079400 
00079500 
00079600 
00079700 
00079 $00 
00079900 
G0Ü80QC0 
00080100 
00 08 0 200 
00080300 
00080400 
00080500 
00080600 
00080700 
00080800 
00080900
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LOC O B J ECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 8 A P R 7 0  9 / 1 6 / 7 0

811 *********** ***:«:********** #**:M<** *************************** ************
812 * * 

0 PLEASE NOTIFY YOUR INSTRUCTOR OF YOUR COMPLETION BY DISPLAYING *
ï  . *

*

813 * 0 PLEASE NOTIFY YOUR INSTRUCTOR
814 * THE B L U E A N S W E R C
815 *
816 * 0 PLEASE USE THIS SHEET FOR ANY
817 PROJECT.
818 * *
819 * *
82 0  ̂****************** ************************** *****

00081100 
00081200 
00081300 
00081400 
0Ü0815QC 
00081600 
00081700 
00081800 
00081900 
00082000

822 ****** **$**** #******:$;£* C O M M E N T S 0008 2 200
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

824 END 00082400

000170 00000000 825 =V(IHCSSQRT)

000174 00000000 826 =V C PR I NT)



RELOCATION DICTIONARY PAGE 1

POS.I D R E L . I D FLAGS ADDRESS 9 /16/70

01 01 08 000169
01 02 1C 000170
01 03 1C 000174



C R O S S - R E F E R E N C E

S Y M B O L L E N V A L U E D E F N R E F E R E N C E S

A 0 0 0 0 4 0 0 0 1 4 8 0 0 1 3 6 0 1 0 3 0 1 1 0

A R G 0 0 0 0 1 0 0 0 1 6 8 0 0 1 4 4

B 0 0 0 0 4 0 0 0 1 4 C 0 0 1 3 7 0 1 0 0 0 1 1 2 0 1 1 7

C 0 0 0 0 4 0 0 0 1 5 0 0 0 1 3 8 0 1 0 4

D O U B L E 0 0 0 0 8 0 0 0 1 4 0 0 0 1 3 5 0 1 0 6 0 1 0 7 0 1 4 4

F O U R 0 0 0 0 4 0 0 0 1 3 C 0 0 1 3 4 0 1 0 2

M E S S A G E 0 0 1 2 1 O OO O C O 0 0 1 3 2 0 1 2 2

S A V I T 0 0 0 0 4 0 0 0 0 7 8 0 0 1 3 0 0 0 0 5

TW O 0 0 0 0 4 0 0 0 1 5 4 0 0 1 3 9 0 1 1 1

X S U B 1 0 0 0 0 8 0 0 0 1 5 8 0 0 1 4 1 0 1 1 6

X S U B 2 0 0 0 0 8 0 0 0 1 6 0 0 0 1 4 2 0 1 2 1

NO S T A T E M E N T S  F L A G G E D  I N  T H I S  A S S E M B L Y  

♦ S T A T I S T I C S *  S O U R C E  R E C O R D S  ( S Y S I N )  *  8 2 4

♦ O P T I O N S  I N  E F F E C T *  L I S T ,  N O D E C K ,  L O A D ,  N O R E N T ,  X R E F ,  N O T E S T  

9 7 4  P R I N T E D  L I N E S

8
N>

A L G N ,  O S ,  L I N E C N T  = 5 5



383

# i

F . P .  REGS

REGS 0-7 
REGS 8-15

000000
000020
000040
000060

05AAE0 
05ABO0 
05AB20 
05AB40 
05AB60 
05AB80 
05ABA0 
05 ABC 0 
05ABE0 
0 5 A C 0 0 
05AC20 
05AC4C 
0 5 A C 6 0

0 5 B 2 2 0
0 5 B 2 4 0
05B260
05B280
05B2A0
05B2C0
05B2E0
05B300
05B320
05B340
05B360
05B380
05B3A0
05B3C0
05B3E0
05B400
05B420
05B440
05B460
053480
05B4A0
05Ö4C0
05B4E0
05B500
05B520
05B540
0 5 B 5 6 0
05B580
05B5A0
05B5C0
05B5E0
05B6C0
05B620 -
05B640
05B660
05B680
05B6A0

43.121000  00000000 C2.A80000  OOOOOGOO 00.000008 00000000 00.000000  00000000

FFFFFF2E  0005AC38 0001D844 OCOOOOOO 
0001D828 00000000 0001D850 00000000

0001B060 0001B3C0 0001D9F8 0001BD40 
6F05AAFE 0005AB70 43121000 0005B210

00000000  00000000  00000000  00000000 
00040003 50006A3E FFE50005 AF05B226 
000676F 8 0C000001 00001468 00005920 
00040000 00007BC8 00040000 00007588

0C05AAF8 00000000 FFF50000 8F051F2A *. 
OOOOFFOO 00000000 FE040133 80000A1E *, 
083D4200 0000996C 00040000 00007498 *. 
00000000 00012D10 C0C40000 0000751A *.

4880B026 
C072D74 7 
C14A3B02 
3A203D24 
000G58DG 
0005B210 
00000000  
4CE3C8C5 
D6D6E34G 
4 04 04 04 C 
40404040 
41200000 
8005AC38

12884780 
10G01000 
6000C13A 
7020C152 
00045810 
00000000  
00000000  
40 E2D6D3 
D7D9D6C2 
40404040 
40404040 
41BOOOOO 
47F0979E

91C85820 
5010D008 
4110C13A 
7820C146 
0008980C 
00000000  
0 0000000  
E4E3C9D6 
D3C5D44B 
40404040 
40404040 
C 215000 0 
0005B210

200C5860 
58D0D008 
58F0C16A 
31223B20 
DO 1 40 7FE 
0 0 0 00 0 0 0  
00000000 
D540E3D6 
40404040 
40404040 
40404040 
41200000 
0005ACD2

9BFA4166 
7800C146 
05EF7840 
3 D247020 
00000000  
00000000 
00000000  
40E3C8C5 
40404040 
40404040 
40000000 
OOOOGOOO 
90ECD00C

00015060 
3C007820 
C1427C40 
C15A4110
cooooooo
o o o o o o o c
00000000
40D8E4C1
40404040
40404040
41400000
0 0 0 00 0 0 0
05C004F0

90 ECDOOC 
C 1367C20 
C14E7820 
C0BA58FC 
00000000  
00000000  
F1E3C8C9 
C4D9C1E3 
40404040 
40404040 
43121000 
00000000 
07004110

05C04110 
C1427C20 
C 146 312 2 
C16E05EF 
6F05AB32 
00000000 
E240C9E2 
C9C340D9 
40404040 
40404040 
00000000 
OOCCOOOO 
C01Q0511

* A . 

* . .

.OA.
. .A .
. .A .
.OA.
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9200604B 
91 03C080 
071591OF 
91C07024 
5030C070 
70244120 
70242004 
200648A0 
30F49148 
47B03112 
0A050042 
0A050042 
00050052 
0A050042 
0A050052 
OA050042 
0A050042 
0A050042 
OA050042 
CA050042 
OA050042 
0A050042 
0A050042 
OA050042

58620000 5Q50C070 58806014 * ......................B ..............B .........................*
45A0C2FA 47000000 4510CD9C * .................................... C . . . B .................. *
410000A4 41110000 0A0A9601 * .................................................................. *
C0F4910F 6000078A 91046001 * .............................. O..........4 .................... *
CDF24B30 C0785A30 601047C0 * ............... ........................... 2 .................... *
CE1A9845 6C0C8950 00105054 * .....................................O ..........................*
0000982A C0F407FA 18E15830 * . . . . C ............. C . . . B ................ 4 ............*
C0864770 CE564120 C1E84400 * . . . 0 ............. 0 . . . . A U . . . ............. AY • • *
FO7C50D0 F0C841D0 F0C45830 * 0 ...............O. . . . 0 . K . . . O. . . OH . . OD . . *
5030C11C 07FAD500 B001B004 * A ........... OA.................. A . . . A . . . N ..........*
5850C1F8 07F55830 CF5C5820 * ...........A ............ OB . . . A . . . A8 . 5 ...........*
30845 8EO E00007FE D200C085 * ......................M..........S .................... K . . .  *
4590CCD0 47F0C76E 58F0CF5C * . . . .  A ............. A ..........B ............0 G . . 0 . . *
98E1D00C 984CD024 95011086 * ............................ 1 ....................................*
F l  144770 CF089200 F114D206 * .............................. 0 . . . . 1 ............. I . K . *
07FA4780 0005FEB8 0005E568 * 1 . 1 . . O...................................................V .*
00000001 0005F744 0005F6BC * . .W ............................................... 7 . . . 6 .*
00000000 00000000 00000001 *FTXXF001 .................... 6 D........................*
C9C8C3F2 F1F4C940 C6C9D6C3 * ......................................... IHC214I FIOC*
40D9C5C3 D6D9C440 C6D6D9D4 *S . UNFORMATTED 1 . 0 . RECORD FORM* 
40D6D940 E540D6D5 40E4D5C9 * AT SPEC IF IED  AS F . U OR V ON UNI*
C6C9D6C3 E2406040 C5D5C440 *T .........IHC217I FIOCS . END *
40404040 00000035 C9C8C3F2 *0F DATA SET ON UNIT . . . . I H C 2 *
C2C5D940 D6E4E34C D6C640D9 *201 FIOCS . UNIT NUMBER OUT OF R*
00000050 C9C8C3F2 F3F1C940 *ANGE_. UNIT . ............. IHC231I *
6 1D640E2 E3C1E3C5 D4C5D5E3 *FI0CS . SEQUENTIAL 1 .0  STATEMENT* 
C3C5E2E2 40C4C1E3 C140E2C5 *S USED FOR DIRECT ACCESS DATA SE*
C1F0055O 9200C086 5810C160 *T N ............. I . . . A O ................ A .*
504C5080 4110504C 0A2347F0 * ...........AO . . . . K ..........K .........................O*
5850C1FC 58F0CF5C 45EQF044 * . . . . A . K . . . A . K ................. A . . 0 . . . . 0 . *
E2406040 D4C9E2E2 C9D5C740 * ............... IHC219I FIOCS . MISSING *
02000020 003C8000 8505F764 *DD CARD FOR  7 .*
C 19492 80 C 19441FO FO 000700 * ......................................... A • • • A • .00 . . . *
45105032 0AOA5010 C184D21A * . 0 . . . 0 .............  A .K . *
F0000700 56F0505A 47F0505E * . . . . K ............................ 0 0 . . . . O . . . O . .*
E2406Q40 C961D640 C5D9D9D6 * ............. 4 IHC218I FIOCS . 1 .0  ERRO*
91106003 4780CF40 94EF6003 *R ..............................................................*
07159500 70244770 301E9648 * . 0 ..................O.......................................... *
C085471 O 30409140 70244780 * . . . 5 ........................................................... *
4710305A 91407024 47103088 *. . 0 ........................................................... *
45A0CE34 5830C070 58E0C0AC * .........5 . . A ................................................ *
20041B99 4990703E 477030A0 * . . . . A . . 9 ......... 5 ................................. . .*
95017014 478030BE 92027014 * K .......................... K ................................... *
703E9180 70244710 30DC4BA0 * ........................K ....................................... *
70244710 3112D501 7052C08E * ......................O ..........4 ................ N ..........*
40 A O 7 O 5 2 91806002 078E9602 * ....................................................................*
00000001 00050042 00000001 * . . . . I E F 2 ...................................................*
00000001 0AO5QO52 00000001 * ............................ *
00000001 0A050042 00000001 * ...............    *
00000001 0A050042 00000001 * ....................................................................*
00000001 0A050052 00000001 * ....................................................................*
00000001 OA050042 00000001 * ....................................................................*
00000001 0A050042 00000001 * ....................................................................*
00000001 0A050042 00000001 * .................................................................... *
00000001 0A05004C 00000001 * ....................................................................*
00000001 0A050042 00000001 * .................................................................... *
00000001 OA050042 00000001 * ................................................................... *
00000001 OA050042 00000001 * ....................................................................*
00000001 0A050042 00000001 * ....................................................................*
00000001 0A050042 00000001 * ....................................................................*



0 5 F A 4 0 CAO 50 042 00000001 QAO 50042 00000001
05FA60 0A050042 00000001 QA050042 00000001
05FA80 0A050G42 OOOCOOOl OA050042 00000001
05FAA0 GAG50042 00000001 0A05Q042 00000001
05FAC0 CAG5G042 GGGCG GOl 0A050042 00000001
05FAE0 0A050042 00000001 0A050042 CQG00001
05F B 00 0A050042 00000001 0AO 50042 00000001
05FB20 0A050G42 00000001 OA05Q042 00000001
05CB40 CAO50 042 GCGOQCC 1 0A050042 00000001
05FB60 0A050042 OGOÜOOO1 0A050042 0 0 0 00001
0 5 F B 8 0 ÖA05C042 OoOOGOO1 0A05C042 0 0 0 0 0C01
05FBA0 0A050C42 00000001 0A050042 00000001
05FBC0 0A050042 OOOCOOOl 0A050C42 00000001
05FBE0 0A050042 0 0 0 0 0 0C 1 0A050042 00000001
05 FC00 0AO 50042 0C000001 0A050042 00000001
05FC2C CA 05 0 042 GQC00001 92FFF1FC 41FÖF008
Q5FC40 F16C91FF F1F44710 F02E95FF 807C4780
05FC60 F1BC41DC F1AC4120 F1785810 F 174050 1
05FC80 200 IF 1FA 4570F152 5 89D0004 91FFF1F4
05FCA0 001 C l  95 8 4780F138 1A5A9500 50004780
0 5FCC0 0008C66G 4460F28C 58 59000C D5G15000
05FCE0 201FF25D 96F02022 41502025 41C 00 004
0 5 F D 0 0 46C0FGCG 4B9QF1F8 4570 F 152 D5039010
0 5 F 0 2 G 86CAF12A 599CF178 477CF0F0 02132016
G5FD40 4128CuCG 457 0 F144 4570F152 5 80 CD 004
G5F060 900418BC 47F0F06E 41600005 4150F248
0 5 F D 8 0 0 7 F 7 4 8 2 0 F2 505810 F 1740501 02004700
05FDA0 0CC5CEBC C0G5E56E 04000000 Ö0000001
05FDC0 00000000 OOOOÖOÖO 00000000 00000000

w 05F0EC 98CCD014 45EGF044 001050^8 F 2145 890
w 05FE00 47F0F102 5810 F2 08 58110C5C 0 501040 A

0 5 F E 2 0 00C092F0 OOOOOOF 0 0 0 10E3D9 C1C3C5C2
05FE4C D3D3C5C4 40C609D6 0440C9E2 05404040
05FE60 40F1F54C 4040D9C5 C74B4C4C 4GF04040
05FE8C 0C00G1C3 D24C40D9 OOOOOOOC uOCOOOOQ
05FEAG C1E3C5C4 C5D5E3D9 E84007D6 C9D5E37E
05FEC0 0 0 0 0 0GO 1 10000320 C0C28Ö00 00000001
05FEE0 0 C 0 ü 0 0 01 7 00003 2 C C 002 8 000 C0000001
0 5 F F 0 0 00000001 70000050 80020C50 G 0 0 0 0 0 0 1
05FF20 00000001 ‘ 70000050 80020050 00000001
05FF40 00000001 7 C000320 C 002 8000 00000001
05FF6G OOOCOOOl 7 0000320 C0028000 00000001
05FF80 0 0 Ö0 0 0C1 7 00C032 0 C 002 8000 0 0 0 0 0 0 C1
0 5 F FA 0 0 C00GGC1 7C000320 C 002 8000 OOOGOOO1
05^FCC DOODGOOI 70000320 CO02 8000 00000001
C5FFE0 0C0 0 0 G01 70000320 C 002 8000 00000001

QA050042 
0A050042 
OA 05 0042 
GA050042 
OAG50042 
0AQ50042 
0 A05G042 
0A050042 
OAü 50042 
0A050042 
OAC 500 42 
OA 050042
0 Aö 50 042 
CA050042 
0A050042 
47FGF00A 
F02E I8F8  
00FF4700 
47 80F068 
FC984365 
F24E477G 
18354120 
80C04780 
F26G4570 
9200F1F4 
47FCF092 
0Ü0092FÖ 
OOCOOOOC 
00000 0 0 0  
900418ÖC 
07F74820 
C1C30240 
09C5C74B 
40D9C5C7 
E3D9C1C3 
D200200C 
0 0 0 CG001
0 0 0 00001  
00000001 
0 0 C00001 
OOOGOOO1 
00000001  
GCCC0001 
OOOCOOOl 
0 0 0 00001  
00000001

00000001
00000001
00000001
00000001
OOüCOOOi
00000001
G0000001
00000001

0A05Ö042 
0A05 0042 
0A050042 
0AQ50G4-2 
0A050042 
0A050042 
0A050O42 
0A050042

00000001
00 0 00 0 0 1
00000001
00000001
C0 0 0 Q0 C 1
OOOCOOOl
00000001
OOÜCOOOI

0 0 0 0 0 0 G1 0A050042 CQOÜOOO 1
00000001 0A050042 00000001 * . . . .
00000001 0AQ50042 0 0000001 * . . . .
COOOOO 01 0A050042 00000001 * . . . .
00000001 0A050042 OCQCOOQ1 * „ . . .
OGOOOOOl 0A050042 0000000  1 * . . . .
OOOOGOO1 0A050042 00000001 * . .  . .
05E3D9C1 C3C590EC DQ0C588C * . . . . •••••• o o o o T RAC E .. . .
58E0F06C 980CD014 07FE5QD0 * 1 . . .
QC0092F0 2000403C F25CD24E * 1 . .*
58909004 41A00004 1BBB5859 *. .1 .
00009508 50004700 F09 24160  ̂ •
F0B84865 00024E 60 F258F332  ̂ •
900C45 7 0 F 1441 A 9A 4150 500 B * . . ? „
F 1064150 002C875A F0FC1BCC * . . 0 .
F152D20B 2001F274 4132000D * . .  1 . CCK • . . 2 . .  .1
98ECD00C 07FE509B F17C5890 * T t
5810F17C 5811005C 0501040A * „ . . .
20004030 F25007F7 0005B358 *. 7. .
ooocoooo OOOOOOOC 00000000 * . .  .  .

0 0 0 00 0 0 0 00000000 07FE18F8
47F0F0DE 41600005 4150F2A2 * • .  .  . 2 . *
F2AA581C F20C0501 02004^700 * . 0 1 .
4GD9D6E4 E3C9D5C5 4C40C3C1 * . . .  o TRACEBACK ROUTINE CA*
4040F1F4 40404009 C5C74B4C *LLED FROM I SN REG. 14 REG .  *
4B40404G F1C9C2C3 D6D44700 * 15 REG. 0 REG. 11 BOOM .  .  *
C5C2C1C3 D240E3C5 D9D4C9D5 * . . ACK R . . TERM IN*
5001404G 00000140 06050607 * AT EOE NTRY PO INT .« • • • • • .  .*
70000320 C 002 8000 OOOCOOOl * .  .  .  .

70000320 
70000C85 
70000320 
7OC 0032 O 
700 0032 O 
7000032C 
700 0032 C 
70000320 
70000320

C0028000 
C4028000 
C0028000 
C 002 8000 
C 0028000 
CQC280G0 
C0028000 
C C028O00 
C 002 8000

00000001  
0CC00001 
00 0 00 0 0 1  
0000G001 
GCOOOOO1 
00000001 
00000001 
OOCGOOO 1 
0000000 1
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FLOW CHART P R O J E C T ,  US ING AN A L T E R N A T IN G  EXCHANGE SORT PAGE l

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOB APR 7 O 9 /16/7C

2
3
4 
3 
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

*
* 0 THE OBJECTIVE

E S C R 1 P T I 0 N 0 F P R O J E C T  ******

OF THIS PROJECT MAY BE FOUND IN THE LAB
A C T IV IT IES  SECTION OF YOUR STUDENT GUIDE. (PPD WP02)

*

0 AN OVERALL DESCRIPTION OF A PROGRAMS LOGIC MAY BE OBTAINED
THROUGH THE USE OF A FLOW CHART. THE VARIOUS SYMBOLS USED AND 
THEIR MEANING MAY BE FOUND IN THE ’’ FLOW CHARTING TECHNIQUES” 
S . R . L . .  THIS PROJECT WAS DESIGNED TO MAKE YOU MORE FAMILIAR  WITH 
THE WAY FLOW CHARTS ARE USED IN PROGRAMMING.

0 THE ORDER OF THIS PROJECT IS AS FOLLOWS:
1. DESCRIPTION OF SORT ROUTINE
2. QUESTIONS AND ANSWERS.
3. FLOWCHART OF ROUTINE.
4. ASSEMBLER LISTING OF ROUTIN
5. STORAGE DUMP.

0 ANSWER ALL QUFSTIONS IN THE SPACE PROVIDED.

*
E *

*-> D E S C R I P T I O N 0 F R O U T  I N E <-

0 THIS PROGRAM WILL SORT A L IST  OF FULLWORD VALUES USING THE *
ALTERNATING EXCHANGE TECHNIQUE. *
ALTERNATING EXCHANGE IS SIMILAR TO THE STANDARD EXCHANGE TECHNIQUE* 
IN SO FAR AS THE MANNER OF COMPARING DATA ITEMS. HOWEVER, ONCE THE* 
UPPER END OF THE L IST  HAS BEEN REACHED (AND THE LARGEST VALUE PUT * 
THERE), THE SORT BEGINS TO WORK BACKWARDS TOWARD THE LOW END OF * 
THE L IS T ,  PUSHING THE LOWEST VALUE TO THAT LOCATION. WHEN THIS * 
HAS BEEN ACCOMPLISHED, IT BEGINS AGAIN TO SCAN TO THE BOTTOM, THEN* 
BACK TO THE TOP, ETC. ETC. ETC. EACH TIME A SCAN IS ENDED, THE * 
NEW TOP OR BOTTOM IS ADJUSTED TO EXCLUDE THE LAST VALUE. WHEN THE * 
TOP AND BOTTOM LIM ITS  MEET AT THE MIDDLE OF THE L IS T ,  THE SORT IS * 
ENDED. *

*
*

£&££££&£&&£££&£&£&&££&&££ CARICATURE OF CORE EE&C&CS&&CECE&CSS£££&£££* 
BEFORE SORT ' L I S T '  (AFTER SUCCESSFUL SORT) *

, 'CE IL ING*  POINTS -1  —  >+----------------------------+ <-----LOW FND OF LIST *
LOWEST # HERE 

I 
!

* I I
* 1 I
* I v

BEFORF SORT 
'FLOOR* P O I N T S — 64-

HIGHEST # HERE 
-> +--------------------------- +<------ UPPER END OF LIST

" ITS  GOING TO BE ONE OF THOSE DAYS”

00 0 00 2 0 0  
000C03C0 
00000400 
00000500 
00000600 
00000700 
00000800 
00000900 
00001000  
00001100 
00001200 
00001300 
00001400 
00001500 
00001600 
00001700 
00001800 
00001900 
00002000 
00002100 
00002200 
00002300 
00002400 
00002500 
00002600 
00002700 
00002800 
00002900 
00003000 
00003100 
00003200 
00003300 
00003400 
00003500 
00003600 
00003700 
00003800 
00003900 
00004000 
00004100 
00004200 
00004300 
00004400 
00004500 
00004600 
00C047CC 
C0004800 
00004Q00 
G 0 0 0 5 0 0 G 
0 0 0 G 5 10 C 
00CC52G0 
00005300 
0 0 0 0 5 4 0 C



0066 I 000 
0086T000 
002.61000 
0096T000 
00961000 
00V61000 
00861000 
00261000 
00161000 
00061000 
00681000 
00881000 
00 2.81000 
00981000 
00981000

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$<$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*

3H1
•0I9U1

$* 
$ *

• d $*
*3 $*

$*
•G $*
*0 $*
'9 $*
•V $*

$*
: 3QIAOdd SldVHOMOld WVdOGdd $*

S1N3W31VIS I03dd00  3H i  3SOOHO $*
$ *

$$$$$$$.$*$$$$$.$$$$$$$$$$$$*$ 1*91 NQUSSnO $$$$$$$$$$$$$$$$$$$$$$$$$$$*

'WVdOOdd
30 9N I1S I1  N O I lO f ld lS N I  A9 NO U O G d lSN I  NV 
SWVdOOdd 3H1 dO N0I1V1N3S 3dd3d OIHdVdO V 

•NOIiVddOISNOO GIN I N3>IV1 N339 
3AVH SNOIi lCNOO 319ISSOd ~1~IV IV H i  N O U V O Id ld d A  

‘ WVdOOdd 3H1 dO NO I lVlNSWfïOOO 
* 30 VdOlS NI 3IA9 ANV dO S1N31N00 3H1 

•N O I in iO S  W319Üdd 3HI dO 3 d n iO Id  OIHdVdO V

‘ I S I1  ON IM O l lO d  3 HI WOdd

661 
861 
2.6 1 
961 
961 
*761 
961 
261 
161 
061 
681 
881 
2.8 1 
981 
981

00881000
00281000
00181000
00081000
0062.1000
0082.1000

xx x x x x x xx x x x x x x x x x x x x x xx x x x x x x x x x x x x x xx x x x x x x x x x x x x x xx x x x x x x x x x x x x x x
X
X •ONIldVHOMOld WVdOOdd NO NOI103S
X . • T d * S  S3G5INH031 ONI idVHO M O ld .
X
XXXXXXXXXXXXXXXXX 03d inD3d IV Idd iVW  30N3d3d3d XXXXXXXXXXXXXXXXXXXXXX

XX * 83 1
X* 28 1
X* 18 1
X* 08 1
X* 62. 1

XX* 82. 1

0Z /91 /6  OZddV 8 0d

9 3 9V d

1N3H31VIS 30d00S 1W1S 2dQ0V IdOOV 3000 103r90 001

ldOS 39NVH0X3 9 N I iV N d 3 i “IV NV ONISG ‘ 103r0dd IdVHO MOld

39
6
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LÜC

FLOW CHART PROJECT, USING 

OBJECT CODE ADDR1 ADDR2

AN ALTERNATING EXCHANGE SORT

STMT SOURCE STATEMENT

PAGE 6 

F08APR7G 9 /16 /70

2 02 ==== ANSWER 16.1 =============================
203 * = = 00020300
2 04

ooII .E  ARE THE CORRECT STATEMENTS. = 00020400
205 = 00020500
206 n ii ii ii il ii ii n ii ii it ii ii ii ii it n ii ii ii ii ii ii ii it ii ii li it ii n ii ii ii ii ii li ii ii it n n ii ii

2 08 *•$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.2 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00020800
209 *$ $ 00020900
210 * $ $ 00021000
211 THE FIVE BASIC FUNCTIONS THAT CAN BE DEPICTED ON FLOWCHARTS $ 00021100
212 'f- $ ARE: $ 00021200
213 *$ 1 . $ 00021300
214 *$ 2. $ 00021400
215 *$ 3. $ 00021500
216 # $ 4. $ 00021600
217 *$ 5. $ 0C0217C0
218 *$ $ 00021800
219 *$$$$$$$ $$$$$$$$$$$$$$$$$•$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*$$$$$$$$$$$ 00021900



FLOW CHART PROJECT USING AN ALTERNATING EXCHANGE SORT PAGE 7

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

222
223

* --------------------- ------------------ANSWER 1 6 . 2 -------------------------------------------------•== = = = 00022200 
= 0ÜC2230C

224 *- 1. PROCESS = COO 22400
225 2. INPUT/OUTPUT = 00022500
226 * = 3 . FLOW OR SEQUENCE = 00022600
227 4. CONNECTION = 0CC22700
228
229
230

5. ANNOTATION: ADDITION OF NOTES. = 00022800 
= 00022900 

====== 00023000

232 *$$$$$$$$$$$$$$$$$$$$$$$$ QUESTI ON 16.2  $$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$ 00023200
233 *$ $ 00023300
234 *$ A «PROCESS' BLOCK IS LOCATED ON THE FLOWCHART OF THE ROUTINE S 00023400
235 *$ AT: $ 0002350C
23 6 *$ $ 00023600
237 *$ A. D4 S 00023700
238 * $ B. 02 $ 0G02380C
239 *$ C. D3 $ 00023900
240 D. C4 $ 00024000
241 *$ THE ANSWER IS . $ 00024100
242 $ 000242CO
243 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$$$$*$$$$$$$$$$$$$$$$$$$$$ 00024300
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LOC

FLOW CHART PROJECTt USING AN ALTERNATING EXCHANGE SORT

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 0 BARR 7 0 9/16/7G

246 0 0 U 2 4 6 0 0
247 * = = 0G024700
243 * = ■* = OC G248G0
249 ❖  # = 00024900
250 * = * * = ÜGG2 5000
251 THE ANSWER IS . . . . * • A » - . . . . = OC026 LOO
252 -Y Y = 00025200
253 * = * * = 0 ^ 2 5 3 0 0
2 54 # = Y  # *>* Y  Y  Y  Y  Y  Y  Y  'I4 Y  Y  Y  'Y = GUO 2 540C
255 * = = 00C25500
256 * = = CG025600
257 = CG02 5700
258
259 ‘V------

= 00025800 
0 C 0 2 5 9 0 Ü

261 *$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.4  $*$$$$$$$S$$$$$$$$$$$$$$$$S$$S GGC2610G
262 *$ $ 0 0 0 2 6 2 0 G
2 63 *$ A * DE SC IS ION * BLOCK MAY BE FOUND ON THE FLOWCHART AT: $ ÜG026300
2 64 *$ $ 0 G G 2 6 4 0 0
265 *$ A. D3 $ 0G0265CG
2 66 *$ B. B4 $ C C 0 2 6 6 0 0
267 *$ C. D2 S 00026700
2 68 *$ D. D5 $ 0 G 0 2 6 8 0 0
269 *$ $ 00026900
270 *$ THE ANSWER IS $ 0GG2700C
271 $ 00027100
272 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$S$$$$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$* 00027200



FLOW CHART P R O JE C T t  USING AN A L T E R N A T I N G  EXCHANGE SORT

LOC OB JECT  CODE ADDRI  ADDR2 STMT SOURCE STATEMENT

PAGE 9

F 0 8 A P R 7 0  9 / 1 6 / 7 0

275
276

*=== ■ 00027500
00027600

277 = 00027700
278 * = D2 *. = 00027800
279 .* *. = 00027900
280 *= .* *. = 00028000
281 3jC = THE ANSWER I S .........* . ' C '  .*  .................. = 00028100
282 *.= *. . * = 00028200
2 83 *. .* = 00028300
284 * = = 00028400
285
286

* = * - 00028500
00028600

288 *$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.5
289 *$
290 *$ T R U E / F A L S E
291 *$
292 *$
293 *$
294 *$
295 *$$$$$$$$$$$$$$$S$$$$$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$

THE BLOCK AT LOCATION 
PREPARATION BLOCK.

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00028800
$ 00Ü28900 
$ 00029000 
$ 00029100

D1• IN THE FLOWCHART IS A $ 00029200
$ 00029300 
$ 00029400 

00029500



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT FOB APR70 0 /16 /70

2 98 * = 
2 99 *=
300 * =
301 * =
302 * = ■

ANSWER 16 .5

RIGHTO IT IS VERY TRUE.

0 u 0 2 9 8 0 0 
00029900 
CUG30Q0C 
00030100 
00030200

3 04 *$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.6  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$ 00030400
305 *$ $ 00030500
3 06 THE SYMBOL HANGING OFF THE 'Y E S '  LEG OF THE DECISION BLOCK $ 00030600
307 *$ AT LOCATION 'A 2 '  IS: $ 00030700
308 A. AN OFFPAGE CONNECTOR. $ 00030800
309 *$ B. AN INPUT/OUTPUT BLOCK. $ 00030900
310 *$ C. AN ONPAGE CONNECTOR. $ 00031000
311 *$ D. A PROCESS BLOCK. $ 00031100
312 *$ THE ANSWER IS___ $ OC 031200
313 *$$$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$ 00031300

401



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT

PAGE 11

F 08APR70 9/16/70

316
317

llti 
it 

•H- * = 00031600
00031700

318 * = *** = 00031800
319 # = * * - 00031900
320 * = THE ANSWER IS . . .  . *«C** = 00032000
321 * * = 00032100
322 = 00032200
323 = 00032300
324 * = = : 00032400

326
327
328
329
330
331
332
333
334
335

*$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.7  $$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
*$
*$ THE LOGICAL FLOW WITHIN THE FLOWCHART BEGINS AT THE BLOCK
*$ AT LOCATION:
* $ A . A1
*$ B. 05

C. E4
D. D3

*$ PUT ANSWER HERE_________
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

$
$
$
$
$
$
$
$
$
$

00032600
00032700
C0032800
00032900
00033000
00033100
00033200
00C33300
00033400
00033500
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LHC

FLOW CHAkT PROJECT, USING 

OBJECT CODE ADDRI ADDR2

AN ALTERNATING EXCHANGE SORT

STMT SOURCE STATEMENT

PAGE 12 

F08APR70 9 /16/7C

338 *=======================
3 39 *= =
340 * = ❖ ❖ «❖ Al*######## =
341 * = * * =
342 * = THE ANSWER I S , . . . . * ENTRY * . . . . • A* =
343 * = * # =
344 * = =
345 *=
346 *=======================

=

0003380C 
00033900 
0C034G0G 
00034100 
00034200 
00034300 
00 03440G 
00034500 
00034600

348 *$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.8 $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 0CC34800
349 *$ $ 00034900
350 *$ THE END OF THE PROGRAM1 IS REPRESENTED BY THE BLOCK AT $ 00035C00
351 *$ LOCATION: $ 00035100
352 ❖  $ A . E4 $ 00035200
353 *$ B. D 5 $ 00035300
354 *$ C. A1 $ 00035400
355 *$ D. D3 $ 00035500
356 *$ $ 00035600
357 THE ANSWER GOES HERE— ---- > $ 00035700
358 *$ $ 00035800
359 *$$$$$ $$$$$$$$$$$$$$$ $$$$$$$$.$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$$$$$ OC035900



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 13

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

362 *============================= ANSWER 16 .8  ============================
3 63 *=
364 *= ****Q3##******* =
365 *= * *  : =
366 * = THE ANSWER I S . . . .  * END OF SORT * .......... *D '.
367 *= * * =
368 * = *************** =
369 *=
370 ♦ ======================================================================

I 372 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16,9 $$$$$$$$$$$$$$$$$$$$$$$$$$$
373 *$ $
3 74 *$ THE BLOCK AT ' A1' IN THE FLOWCHART REPRESENTS WHICH OF THE $
375 FOLLOWING STATEMENTS IN THE ASSEMBLER LISTING  ? $
376 *$ A $
377 *$ A. OUT DC H * 00 * N $
378 *$ B. C 9 F ,C E IL IN G S $
379 *$ C. ALTSORT CSECT 1 $
380 *$ D. STM SE,3C , 12( a)D) V $
381 *$ ___ $
382 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16/70

00036200
00036300
00036400
00036500
00036600
00036700
00036800
00036900
00037000

00037200
00037300
00037400
000375C0
00037600
00037700
00037800
0CC37900
00038000
00038100
00038200
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LOC

FLOW CHART PROJECT, 

OBJECT CODE ADDR1

USING AN ALTERNATING E 

ADDR2 STMT SOURCE

XCHANGE SORT 

STATEMENT

PAGE IA 

F08APR70 9 /16 /70

3 85 *=== 
386 *=
3 87 *=
388 * =
389 * =
390 *=
391 *=
392 * =
393 *=
394 *===

= ANSWER 16,9 = = == = 00038500
00038600

= 00038700
❖ = 00038800
❖ = 00038900
❖ = 00039000
* = 00039100

#####

"GOT THAT,ITS  C . "  =
00039200
00039300
00039400

3 96 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.10 $$$$$$$$$$$$$$$$$$$$$$$$$$ 00039600
397 *$ $ 00039700
398 *$ THE BLOCK AT 'E1* IN THE FLOWCHART REPRESENTS 64 BEING $ 00039800
399 *$ PLACED IN THE LOCATION WHOSE ASSEMBLED $ 00039900
400 *$ ADDRESS IS: $ 00040000
401 *$ A. X•2 8 1 $ 00040100
402 *$ B. X 15 2' $ 00040200
403 *$ C. X* 260' THE ANSWER IS $ 00040300
404 *$ D. X * 2 58' $ 00040400
405 *$ $ 00040500
4 06 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00040600



FLOW CHART PROJECT» USIN6 AN ALTERNATING EXCHANGE SORT PAGE 15

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70

409 * -
410 * =
411 *=
412 *=
413
414
415 * =
416

ANSWER 16 .10

THE ANSWER IS •0 * =

" I T ' S  
STILL  = 

' C '  =

418 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.11 $$$$$$$$$$$$$$$$$$$$$$$$$$
419 *$ $
420 *$ $
421 *$ THE 'YES* LEG OF THE DECISION BLOCK AT 'B 2 '  OF THE $
422 *$ FLOWCHART DIRECTLY RESULTS IN WHICH OF THE FOLLOWING: $
423 *$ $
424 *$ A. 1 BEING ADDED TO 'C E I L IN G '  $
425 *$ B. 1 BEING SUBTRACTED FROM 'FLOOR ' $
426 *$ C. 1 BEING ADDED TO 'FLOOR ' $
427 *$ D. NOTHING BEING ADDED TO THE WALLS. $
428 *$ $
429 *$ $
430 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00040900
00041000.
00041100
00041200
00041300
00041400
00041500
00041600

00041800
00041900
00042000
00042100
00042200
00042300
00042400
00042500
00042600
00042700
00042800
00042900
00043000
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LOC

FLOW CHART PROJECT» USING 

OBJECT CODE ADDR1 ADDR2

AN ALTERNATING 

STMT SOURC

EXCHANGE SORT 

E STATEMENT
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F08APR7Q 9 /16 /70

433 *== = = =========== = = = = =====:====: ANSWER 16.11
4 3 4  *=
435 * =
436 *= THE ANSWER IS ............... 1 B '
437 *=
438 *=========================================

00043300 
00043400 
0CC43500 
00043600 
00043700 
00043800

440 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.12 $$$$$$$$$$$$$$$$$$$$$$$$$$ 00044000
441 *$ $ 00044100
442 $ 00044200
443 *$ THE PAIR OF INSTRUCTIONS AT ASSEMBLED ADDRESS A4 AND A8 $ 00044300
444 *$ IN THE LISTING  ARE REPRESENTED BY THE FLOWCHART BLOCK AT $ 00044400
445 LOCATION: $ 00044500
446 *$ $ 00044600
447 *$ A. B2 $ 00044700
448 ❖  $ B. D2 $ 00044800
449 *$ C. C4 $ 00044900
450 *$ D. D 5 $ 00045000
451 $ 00045100
452 THE ANSWER I S _________________. $ 00045200
4 53 *$ $ 00045300
454 *$$$$$ 00045400



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 17

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR 70

457 *=
458 *=
459 *=
460 * =
461 *=
462 *=
463 * =

===== ANSWER 16.12 =======

THE CORRECT ANSWER IS • C*

465 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16 .13  $$$$$$$$$$$$$$$$$$$$$$$$$$
466 *$ $
467 *$ T R U E / F A L S E  $
468 *$ $
469 *$ THE ROUTINE REPRESENTED BY THE BLOCK AT E3 MAY BE ENTERED $
470 *$ FROM BOTH THE INSTRUCTION AT ASSEMBLED ADDRESS AC AND $
471 *$ THE ONE AT ASSEMBLED ADDRESS 72. $
472 *$ $
473 *$ . $
474 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9/16^70

00045700
00045800
00045900
00046000
00046100
00046200
00046300

00046500
00046600
00046700
00046800
00046900
00047000
00047100
00047200
00047300
00047400



409

LOC

FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 18

OBJECT CODE ADDR1 ADDP 2 STMT SOURCE STATEMENT FGPAPK7C 9/ 16/70

477 *==
478 *=
479 * =
480 * =
481 *=
482 *= =

THAT STATEMENT IS VERY TRUE.

ANSWER 16.13 = = = == = = = = = = = = = = = = = := = := = = = = = = = 00047700
= 0 C U 4 7 8 0 0 
= C00479G0 
= 00048000 
= 00048130

============================== 00Ü48200

484 *.*$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.14  $$$$$$$$$$$$$$$$$$$$$$$$$$ 00048400
485  ̂$ $ 00048500
486 *$ $ 00048600
487 *$ THE FUNCTION OF THE FLOWCHART BLOCKS AT B2 ,C 2 ,D 2 ,E3  AND E2 $ 00048700
488 *$ IS : $ 00048800
489 ❖  $ A. PUSH THE LOWEST NUMBER UP TO THE LOW $ 00048900
490 *$ END OF THE L IS T . $ 00049 COO
491 *$ B. PUSH THE LOWEST NUMBER DOWN TO THE $ 00049100
492 *$ UPPER END OF THE L I S T . $ 00049200
493 *$ C. PUSH THE HIGHEST NUMBER DOWN TO THE $ 00049300
494 *$ UPPER END OF THE L IS T . $ 00049400
495 *$ D. PUSH AN AVERAGE NUMBER NOWHERE. $ OG049530
496
497

*$ $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00049600
00049700
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FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 19

LOC OBJECT CODE ADDRl ADDR2 STMT SOURCE STATEMENT F08APR70

500 *=====
501 *= =
502 *= =
503 * = THE ANSWER I S --------------------------------- > ' C ' -

504 *= =
505 * =
506 *=====

508 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.15  $$$$$$$$$$$$$$$$$$$$$$$$$$
509 *$ $
510 * $ - T R U E / F A L S E  $
511 *$ $
512 *$ THE DECISION BLOCK AT ' A 2 1 GOES TO ' END OF SORT* $
513 *$ WHEN THE HIGHEST NUMBER IS AT THE BOTTOM OF THE L IS T .  $
514 *$ $
515 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /70

00050000
00050100
000502C0
00050300
00050400
00050500
00050600

00050800
00050900
00051000
00051100
00051200
00051300
00051400
00051500



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

LOG OBJECT CODE ADDR1 A DOR2 STMT SOURCE STATEMENT F0«APR?0

518 *-- :
519
520
521 * =
522
523
524 *'=
525

THE STATEMENT IS

ANSWER 16.15

E .

IT GOES TO 'END OF SORT' WHEN AT THE BEGINNING OF A DOWNWARD 
SCAN IT IS DETERMINED THAT ALL NUMBERS HAVE BEEN SORTED.

527 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.16  $$$$$$$$$$$$$$$$$$$$$$$$$$
$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 
$ 
$

539 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

527 *$
528 *$
529 *$
530 *$
531 *$
532 *$
533 *$
534 * $

535 *$
536
537 *$
538 ❖  $
539 *$

THE FLOWCHART BLOCK AT 
FOLLOWING:

A.
B.
C.
D.

THE ANSWER IS___________

1A5 * REPRESENTS WHICH OF THE

1 BEING ADDED TO 'C E I L I N G ' .
1 BEING SUBTRACTED FROM 'C E IL IN G '  
STARS FALLING ON 'A LA BA M A '.
1 BEING ADDED TO 'F LO O R ' .

PAGE 20

9/16/ 70

00051800
00051900
00052000
00052100
00052200
00052300
00052400
00052500

00052700 
00052800 
00052900 
00053000 
00053100 
00053200 
00053300 
00053400 
00053500 
0005 360 C 
00053700 
CO 053 80 0 
00053900



412

PAGE 21FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F 08APR70

542 * = 
5 43 *=
544 *=
545 * =
546 *=
547 * =
548 *=
549 *=
550 *=
551 * =
552 *=

ANSWER 16.16

THE ANSWER IS ..........................  • A 1

0 WE'RE CAUSING THE VALUES OF 'C E I L IN G '  AND 'FLOOR ' 
TO APPROACH EACH OTHER TO ALLOW US TO DETERMINE 
WHEN ALL THE NUMBERS IN OUR LIST  HAVE BEEN 
SORTED.

554
555
556
557
558
559
560
561
562
563 
5 64
565
566
567
568

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.17  $$$$$$$$$$$$$$$$$$$$$$$$$$ 
*$ $ 

THE PROCESS BLOCK AT 'D 4 '  REPRESENTS WHICH OF THE 
FOLLOWING INSTRUCTION STREAMS ?

*$
*$
*$
*$
*$
*$
*$
*$
*$
*$
*$

*$

L
SLA
L

31.1
3 1 .2
3F , L IST—4 (31)

3D09FE

B

THE ANSWER IS

LA 3F ,  I L 3F,f l
A 3 F ,  I BCTR 3F 1, 0
ST 3 F , I ST 3F 1r I

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9 /16 /7 0

00054200
00054300
00054400
00054500
00054600
00054700
00054800
00054900
00055000
00055100
00055200

00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056100
00056200
00056300
00056400
00056500
00056600
00056700
00056800
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FLOW

LOC 03J EC

CH ART PROJECT, 

T CODE ADDR

USING AN ALTERNATING F 

I ADDR2 STMT SOURCE

XCHANGE SORT

STATEMENT

P A GF 22

F 08APR70 9/16/70

571 *============================ ANSWER 16.17
572 * =
573 * = THE ANSWER I S ----------- >»C’
574 *=
575 * = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = :

O ü 0 5 7 10 0 
0 C 0 5 7 2 C 0 
00057300 
00057400 
00057500

577 ❖
578 *
579 ❖
580 *
5 81 *
5 82
583 *
5 84 *
585 ❖
586 *
587 *

f f f f f f f f f + + + f f f f f f f f f f f f f f f f  W
F

S D 0 M f f f f f f f + f f + + + + + f f f f f f f + f f f f f f

F
+ F
f  NOW THAT W E1V E BEEN THROUGH THE FLOWCHART AND DISCUSSED THE +
f  WORKINGS OF THE PROGRAM TO SOME EXTENT, L E T ’ S USE THE FLOW- f

f  CHART TO SOLVE A PROBLEM. I DON’ T KNOW WHETHER YOU NOTICED +
f  IT OR NOT BUT THE SORT DID*NT WORK PROPERLY. +
+ L E T ’ S TRACK THE PROBLEM DOWN. +
f  LET US PROCEED.. . .  f

F F
F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F F

0005770C 
0 0 0 5 1 8 0 0  
00057900 
00058000 
00C581Ü0 
00058200 
Q005 8300 
00058400 
00058500 
00058600 
00C58700

589 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.18 $$$$$$$$$$$$$$$$$$$$$$$$$$
590 *$ $
5 91 * $ T R U E / F A L 5 E $
592 *$ $
593 *$ THE 64 FULLWÜRDS AT SYMBOLIC LOCATION ’ L I S T ’ SHOULD BE SORTEDS
594 *$ WITH THE HIGHEST NUMBER AT ’ LIST* AND LOWEST NUMBER AT $
595 ’ L IS T F F C ’ . $
596 $
5 97 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00058900 
00059C00 
00C59100 
00059200 
G0059300 
00059400 
00059500 
00059600 
00C597GQ
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FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 23

LOC OBJECT CODE ADDRl ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

600 * -==== = -  ANSWER 16.18  -------------=-----==------------------= 00060000
601 *= = 00060100
602 *= F A L S E T •OTHER WAY ROUND. = 00060200
603 *= = 00060300
6 04

606 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.19  $$$$$$$$$$$$$$$$$$$$$$$$$$
607 *$ $
608 *$ $
609 *$ T R U E / F A L S E  $
610 *$ $
611 *$ THE CONTENTS OF THE LOCATION CALLED ' L I S T '  ARE SORTED $
612 *$ CORRECTLY IN THE STORAGE DUMP. $
613 *$ $
614 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00Ü6G600
0006070C
00060800
00060900
00061000
00061100
00061200
00061300
00061400
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FLOW CHART PROJECT USING AN ALTERNATING EXCHANGE SORT PAGE 24

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

617 *==
618 *= 
619 * =
6 2 G *= 
621 *= 
622 *===

16.19  ==

THE ANSWER IS FLAES. THEY 'RE SORTED ABOUT AS WELL
= 00061800 
= 0 0061900

AS 'F A L S E ' WAS. = 0 C062000 
= 00062100

624 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.20 $$$$$$$$$$$$$$$$$$$$$$$$$$
625 *$ S
626 *$ $
627 *$ THE PROGRAM CHECK WHICH CAUSED THE DUMP TO BE TAKEN $
628 *$ RESULTED FROM: $
629 *$ $
630 *$ A. A BAD INSTRUCTION AT ASSEMBLED ADDRESSS
631 * $ ■ A4' . $
632 *$ B. A CALL FOR THE NORMAL 'END OF SORT' $
633 *$ DUMP. $
634 *$ C. A SPECIFICATION EXCEPTION. $
635 *$ D. LIGHTENING. $
636 *$ $
637 *$ THE ANSWER IS______________ . $
638 *$ $
639 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00062400
00062500
00062600
00062700
00062800
00062900
00063000
00063100
000632C0
00063300
00063400
00063500
00063600
00063700
00063800
00063900
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

FLOW CHART P R O J E C T ,  US ING AN A L T E R N A T IN G  EXCHANGE SORT PAGE 25

642 * =
643 * =
644 *=
645 *=
646 *=
647 * =
648 * =
649 *.= 
65 0 * =
651 * =
652 * =
653 * =

========= ANSWER 16.20 ============

THE ANSWER IS * B *

S O , , , ,  THE DUMP TELLS US THAT THE SORT ENDED CORRECTLY, 
AT LEAST AT THE CORRECT LOCATION. ON THE OTHER HAND 
THE CONTENTS OF ' L I S T '  IN THE CORE DUMP SAYS THAT THE 
SORT SORTA NOT SORTED. L E T 'S  PROVE WHAT GREAT TROUBLE 
SHOOTERS WE ARE AND GO FIND OUT WHY THIS SORT SORTA 
NOT SORTED, OKAY ?

QC064200 
00064300 
00064400 
00064500 
00064600 
00C64700 
00064800 
0C064900 
00065000 
00065100 
00065200 
00065300

655
656
657
658
659
660 
661 
662 
663 
6 64
665
6 6 6
667
6 68
669
670
671
672

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.21 $$$$$$$$$$$$$$$$$$$ 
*$
*$
*$ ACCORDING TO THE FLOWCHART THE ORDER OF EVENTS AFTER
*$ ESTABLISHING THE BASE REG. IS:
*$

*$
*$
*$

*$
*$
*$

1 A | B 1 C

1
1 . i SET

1
* C T ' TO 64 | SET 'C T ' TO 64

1
1 SET 'C E IL IN G ' TO 1

2.1 SET 'FLOOR* TO 64 | SET •CEILING ' TO 11 SET 'FLOOR' TO 64
3 . I SET

i
'C E I L IN G '  TO 1|

I
SET FLOOR TO 64 1 SET 

1
' CT » TO 64

I
+------

1 1

5‘: $
*$
*$$$$$$$$$$$$$'$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$*$$$$$

$$$$$$$ 
$ 
$ 
$ 
$ 
S 
$ 
$ 
$ 
$ 
$ 
s 
$ 
$ 
$ 
$ 
$

00065500 
000656C0 
00065700 
00065800 
00065900 
00066COO 
00066100 
00066200 
00066300 
00066400 
00066500 
00066600 
00066700 
00066800 
O C066900 
00067000 
00067100 
CC067200
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FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 26

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

675 * = ==
676 * =
677 *=
678 *=
679 * =
680 *===

THE ANSWER IS * B ' •

ANSWER 16.21 ============================ 00067500
00067600
00067700
00067800
00067900
C0068000

682 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.22 $$$$$$$$$$$$$$$$$$$$$$$$$$ 00068200
683 $ 00068300
684 *$ $ 00068400
685 *$ THE CONTENTS OF •C T •, 'C E IL IN G 'A N D  •FLOOR' ( IN  DECIMAL) $ 00068500
6 86 *$ IN STORAGE ARE: $ 00068600
687 *$ $ 00068700
688 *$ A. 6 3 ,1 ,6 4 $ 00068800
689 *$ B . 6 4 ,6 4 ,1 $ 00068900
690 *$ C . 1 ,1 ,6 4 $ 00069000
691 *$ D. 6 4 ,1 ,6 3 $ 00069100
692 # $ $ 00069200
6 93 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00069300
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FLOW CHART PROJECT USING AN ALTERNATING EXCHANGE SORT PAGE 27

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

696 *============================ ANSWER 16.22
697 *=
698 *=
699 *= THE ANSWER I S ......................1D *
7 00 *=
701 *= HEY, ' FLOOR IS ONE LOWER THAN IT WAS WHEN WE STARTED.
702 *= THIS MAY HAVE SOME SIGNIF ICANCE , SO KEEP IT IN MIND.
703 *=
704 *=============================================================

0C069600
00069700
00069800
00069900
00070000
00070100
00070200
00070300
00070400

7 06
707
708 
7 09
710
711
712
713
714
715
716
717
718
719
720
721

THE ORDER OF THE NUMBERS IN THE

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.23 
*$
*$

*$
*$
*$
# $
*$
*$
*$
*$
* $
*$
*$

THE ANSWER IS.

A.
B.

C.

$$$$$$$$$$$$$$$$$$$$$$$$$$
$
$

'L IS T*  IN STORAGE ARE: $
$

AS THE ORDER AT ASSEMBLY TIME$
$

THE SAME 
THE LOWEST NUMBER IS AT THE 

LOWER END OF THE L IS T .
THE HIGHEST NUMBER IS AT THE 

UPPER END OF THE L IS T .
AN AVERAGE NUMBER IS IN THE MIDDLE 

OF THE L IS T .

'$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$>

00070600
00070700
00070800
00070900
00071000
00071100
00071200
00071300
00071400
00071500
00071600
00071700
00071800
0G071900
00072000
00072100
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FLOW CHART PROJECT» USING AN ALTERNATING EXCHANGE SORT

LOC OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70

724 *============================ ANSWER 16,23
72 5 *=
726 *=
727 *= THE ANSWER I S . - ^ C '
728 * =
729 * =
730 *=

732 *$
733 *$
734 *$
735 *$
736 *$
737 *$
738 *$
739 *$
740 *$
741 *$
742
743 *$
744 *$
745 - $

THE
THE

FLOWCHART BLOCKS WHICH 
HIGHEST NUMBER DOWN TO

ON 16 .24  $$$$$$$$$$$$$$$$$$$$$$$$$$
$
$

REPRESENT THE FUNCTION OF PUSHING $ 
THE UPPER END OF THE L IS T  ARE: $

$
A.
B.
C.
D.

B2»C2»D2»E2 AND E3. 
A4 tB4 ,C4 ,D4 ,AN D  05.
B1 »C1* D1» E l » AND A2. 
A 1 ,D 3 ,A 5 f E l t C l f A N D  C4,

$ 

$ 
$ 
$ 
$ 
$

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

THE ANSWER IS.

PAGE 28

9 /16 /70

00072400 
000 72 500 
00072600 
00072700 
00072800 
00072900 
00073000

00073200 
00073300 
00073400 
00073500 
0G0736Ü0 
00073700 
00073800 
00073900 
00074000 
00074100 
0007 4200 
00074300 
C0074400 
C0074500
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LOC

FLOW CHART 

OBJECT COD

PROJECT  t US ING  AN A LT ER N A T IN G

E ADDR1 ADDR2 STMT SOURCE

EXCHANGE SORT 

STATEMENT

PAGE 30

F 0 8 A P R 7 0  9 / 1 6 / 7 C

767 * =
768 *=
769 * =
770 * =
771 * =
772 *=
773 *' = 
7 74 *=
775 *=
776 * =
777 * =

==================== ANSWER 16.25 ============================ 00076700
= 00076800 
= 00076900

THE ANSWER TO THAT L ITTLE  DITTY I S . . . T  R U E ......... = 00077000
= 00077 ICO

REMEMBER, WE DO HAVE THE HIGHEST NUMBER PUSHED DOWN - 00077200
TO THE UPPER END OF THE L IS T .  = 00077300

= 00077400
.........L E T ' S  M O V E  O N  .............................  = 00077500

= C0077600
============================================================== 00077700

779 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.26 $$$$$ 00077900
780 *$ $ 00078000
781 # $ $ C007810Q
782 *$ THE PROGRAM PASSED THROUGH THE FLOWCHART BLOCK $ 00078200
783 *$ AT «! B3' : $ 0C078300
784 *$ $ 00078400
785 *$ A. ONCE $ 00078500
786 *$ B. TWICE $ 00078600
787 *$ C. 64 TIMES $ 00078700
788 *$ D. NEVER EVER S 00078800
7 89 # $ 4 0C0789CC
790 *$ THE ANSWER TO THIS QUESTION IS . $ 00079000
791 *$ £ 0ÜG791C0
792 £$>$$$$$$$■ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 4 $$$$$$$$$$$$ $$£$$?. $ $ GGG7Q2GQ



422

LOC

FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70

795 *============================ ANSWER 16,26  ======================
796 * =
797 *= * A ' IS THE CORRECT ANSWER...........THE LAST TIME WE LOOKED AT
798 *= «FLOOR* IN CORE WE FOUND IT TO BE ONE LOWER THAN THE
799 *= VALUE WE ORIGINALLY SET IT T 0 (6 4 ) .
800_ * =

803 *+++4- + + + + + +++ + + R E C A P  4-+ 4-4-4-4-4-4-4- R E C A P  + + + + + + + + + R E C A P 4-4-4-4-4-
804 * + 4-

805 *4- 4-
806 * + SG FAR WE HAVE FOUND OUT THAT: 4-
807 *4- 4-
808 # + 1. THE 'FLOOR* IS NOW EQUAL TO 63, 4-
809 *4- 2. THE «CEIL ING ' IS NOW EQUAL TO 1. 4-
810 *4- 3. THE HIGHEST NUMBER HAS BEEN PUSHED DOWN TO THE 4-
811 * + UPPER END OF THE L IS T . 4-
812 *4- 4. THE LOWEST NUMBER HAS NOT BEEN PUSHED UP TO THE 4-
813 *4- LOW END OF THE L IS T . 4-
814 *4- 4-
815 *4- STATEMENT NUMBER 1 TELLS US THAT THE "RAISING»' OF «FLOOR»1 4-
816 *4- WORKED PROPERLY. 4-
817 *4- 4-
818 * + STATEMENT NUMBER THREE TELLS US THAT THE DOWNWARD SCAN 4-

819 *4- WORKED PROPERLY. 4-

820 *4- 4-

821 *4- STATEMENTS NUMBER TWO AND FOUR INDICATE THAT THE 4-

822 4- PROGRAM EXITTED BEFORE EITHER SCANNING UPWARD OR 4-

823  ̂4* "LOWERING" THE 'C E I L IN G * . 4-

824 *4- 4-

825 *4- 4-

826 5!?4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4--4-4-4-4-4-4-4-4-4-4-4-4-+4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-4-

AGE 31

9 /16 /70

00079500
00079600
00079700
00079300
00079900
00080000
00080100

00080300 
00080400 
00080500 
00080600 
00080700 
00080800 
00080900 
00081000 
00081100 
00081200 
00081300 
00081400 
00081500 
00081600 
00081700 
00081800 
00081900 
00082000 
00082100 
00082200 
00082300 
00082 400 
00082500 
00082600
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LOC

FLOW CHART P R O J E C T ,  US ING  AN A L T E R N A T IN G  EXCHANGE SORT

OBJECT  CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

PAGE 32

F 0 8 A P R 7 0  9 / 1 6 / 7 0

829
830
831
832
833
834
835
836
837
838

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.27 $$$$$$$$$$$$$$$$$$$$$$$$$$ 
*$ $ 
*$ S 
*$ T R U E / F A L S E  $ 
*$ $ 
*$ THE DECISION BLOCK AT LOCATION »C3' ON THE $ 
*$ FLOWCHART DETERMINES IF ALL THE NUMBERS WERE SORTED $ 
*$ PRIOR TO BEGINNING A UPWARD SCAN. $ 
*$ $ 
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00082900
00083000
00083100
00083200
00083300
00083400
00083500
00083600
000837C0
00083800
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LOC

FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 33

OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

841
842 * =
843 * =
844 * =
845 *=
846 * =
847 * =
848 * =
849 * =
850 *=:

THE ANSWER I S ....................P R A V D A.

ENGLISH S U B T IT LE ............... T R U E

FOR YOUR INFORMATION THAT WAS RUSSIAN.

ANSWER 16.27 ============================ 00084100
= 00084200 
= 00084300 

. . .  = 00084400
= 00084500 
= 00084600 
= 00084700 
= 00084800 
= 00084900 

==================== 00085000

16.28 $$$$$$$$$$$$$$$$$$$$$$$$$$
$ 
$

THIS DECISION BLOCK AND OUT $
$ 

$ 
$ 

$ 

$ 
$ 
$ 
$ 
$

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

852 *$$$$$$$$$$$$$$$$
853
854
855 IF  THE PI
856 THE 'YES
857 *$
858 *$ A.
859 *$ B.
860 *$ C.
861 *$ D.
862 *$
863 *$ THE ANSW
864 *$
865 *$$$$$$$$$$$$$$$$

U3GRAM PASSED THROUGH 
LEG IT WOULD :

GIVE THE SYMPTOMS WE HAVE 
INDICATE PROPER OPERATION 
BE INCORRECT BUT NOT GIVE 
DO ABSOLUTELY NOTHING.

NOW.
AT THIS TIME
US THE PRESENT SYMPTOMS.

TO THIS MOST IMPORTANT QUESTION IS_

00085200
00085300
00085400
00085500
00085600
00085700
00085800
00085900
00086000
00C86100
00086200
00086300
00086400
00086500
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FLOW CHART PROJECT» US ING  AN A L T ER N A T IN G  EXCHANGE SORT PAGE 34

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

868 * ======;= = = ====== = = = = = = === = = = = ANSWER 16.28
869 * =
870 *=
871 *= THE ANSWER IS • . . 1 A *
872 * =
873 *==========================================

== 0008680G 
= 00086900 
= 00087000 
= 00G87100 
= 00087200 

== 00087300

875
876
877
878 *
879 *$
880 *$ 
881 *$

$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.29 
$
$
$ THE INSTRUCTIONS
$ FLOWCHART ARE:

$$$$$$$$$$$$$$$$$$$$$$$$$$
$
$

DEPICTED BY THE BLOCK AT *C3* OF THE $
$
$

B C i

00087500 
00087600 
00087700 
00087800 
00087900 
00088000 
0 0 G 8 8 100

ö Ö L $ uUUtJOdJU
883 *$ $ 00088300
884 *$ DÜWNWRD L 3 F ,C E IL IN G UPWARD L 3F ,  CEILING L 3 F , FLOORS 00088400
885 C 3F,FLOOR C 3F,FLOOR ÖCTR 3F , 0 $ 00088500
886 BC 0 2 ,OUT BC 0 4 , OUT C 3F, I $ 00088600
887 *$ BC 0 4 , 3 DG9 FC 00088700
888 $ 00088800
889 -S $ 000889G0
890 *$ $ 00089COO
891 * $ THE ANSWER I S ............. . $ 0 0 C 8 9 10 0
892 *$ $ 00089200
893 ❖ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ $$$$$$$$$$ CCG893ÜQ
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FLOW CHART PROJECTt USING AN ALTERNATING EXCHANGE SORT PAGE 35

L O C  O B J E C T  C O D E ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70

896 *============================ ANSWER 1 6 .2 9  ============================
897 * =
898 *=
899 *= •B • IS THE ANSWER.
900 *=

903 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 1 6. 30  $$$$$$$$$$$$$$$$$$$$$$$$$$
904 *$ $
905 *$ $
906 *$ T R U E / F A L S E  $
907 *$ $
908 *$ T H E . . . B C  0 4 t 0 U T . . . . A T  ASSEMBLED ADDRESS ' 8 0 '  IN THE $
909 *$ PROGRAM WILL BRANCH GIVEN THE PRESENT VALUES OF ' C E I L I N G '  $
910 *$ AND ' F L O O R ' . $
911 *$ $
912 * $$$ $$ $$ $$ $$$ $$ $$ $$ $$ $$ $$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

9/16/70

00089600
00089700
00089800
00089900
00090000
00090100

00090300  
00090400  
00090500  
00090600  
00090700  
00090800  
C 0090900  
00091000  
00091100  
00091200



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 36

OBJECT CODE ADDRI ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /70

915 * =
916 *=
917 * =
918 * =
919 * =
920 * =
921 *=
922 *=
923 * =
924 * = =

===================== ANSWER 16.30  ===================

-------------- > «MAIS OUI ” .<--------------------
THAT 'S  FRENCH FOR "BUT YES” , AND THAT = T R U E

I THINK WE'RE GETTING VERY VERY CLOSE TO THE PROBLEM.

00091500
00091600
00091700
00091800
00091900
00092000
00092100
00092200
00092300
00092400

926
927
928
929
930
931
932
933
934

*$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.31 $$$$$$$$$$$$$$$$$$$$$$$$$$
* $  $
* $  $
*$ T R U E / F A L S E  $
❖  $ $

THE PROGRAM SHOULD NOT EXIT TO 'OUT ' AT THIS T IME . $
*$ ------------------------  $
* $  $
*$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

00092600
00092700
00092800
00092900
00093000
00093100
00093200
00093300
00093400
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FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 37

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9 /16 /7 0

937 *============================ ANSWER 16.31 ============================ 00093700
938 *= = 00093800
939 *= = 00093900
940 *= THE PROGRAM SHOULD NOT EXIT TO OUT AT THIS TIME , THEREFORE = 00094000
941 *= THE ANSWER IS T R U E . . . .  = 00094100
942 *= = 00094200
943  *====================================================================== 00094300

945 *$$$$$$$$$$$$$$$$$$$$$$$$$$$$ QUESTION 16.32 $$$$$$$$$$$$$$$$$$$$$$$$$$ 00094500
946 *$ $ 00094600
947 *$ $ 00094700
948 * $ IN ORDER TO FIX THIS PROBLEM WE SHOULD CHANGE THE $ 00094800
949 *$ THE •BRANCH* AS FOLLOWS: $ 00094900
950 *$ $ 00095000
951 *$ A. BC 0 2 ,OUT $ 00095100
952 B. BC 7 , OUT $ 00095200
953 *$ C. BC 1 2 ,OUT $ 00095300
954 *$ D. BAL 14,15 $ 00095400
955 *$ $ 00095500
956 *$ $ 00095600
957 *$ PLACE ANSWER HERE------------ --------------->_____________ $ 00095700
958 *$ $ 00095800
959 *$$$$$$$$ $$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 00095900
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FLOW CHART P R O J E C T ,  USING  AN A L T E R N A T IN G  EXCHANGE SORT PAGE 38

LOC OBJECT CODE ADDR1 ADDR2 ST NT SOURCE STATEMENT F 08 APR 70 9 / 1 6 / 7 0

962 *=■
963 *=
964 * =
965 * =
966 *=
967 * =

ANSWER 16.32

THE ANSWER I S . . . . ' A *

0 0 G 9 6 2 0 0 
00096300 
00096400 
00096500 
00096600 
00 096700

969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985 
9 86 
987

* + + + 
* +
5St+
* +
* +
* +
* +
* +
* +
* +
* +
* +
* +
* +

+++++++++++ R E C A P  + + + + + + + +4- R E C A P  +4-4-4-4-4-4-4-4- R E C A P ++++ + 
+

THERE YOU HAVE IT . THE PROGRAM SUCCESSFULLY PUSHED THE 
HIGHEST NUMBER DOWN TO THE UPPER END OF 
THE L IS T .  THE DOWNWARD SCAN THEN ENDED
AND THE •FLOOR* WAS "RAISED'* BY SUBTRACTING 1 FROM IT .
THE ROUTINE THEN CHECKED TO SEE IF THE VALUE OF 'C E IL IN G '  
WAS LOWER THEN THE VALUE OF 'F LO O R ' .

1. THE VALUE OF 'C E I L IN G '  WAS LOADED INTO REG. 15 ( I I
2. REGISTER 15 WAS THE COMPARED TO LOCATION 9 FLOOR* (63)
3. REGISTER 15 IS LOWER THAN 'FLOOR ' SO WE BRANCHED TO OUT.

* + 4 - + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
*— >»V O I L A t Y O U ' R E  A N  A S S E M B L E R  L I N G U I S T "

0CÜ96900 
C0097G00 
00097100 
00097200 
00097300 
00097400 
C 0 0 9 7 5 0 G 
0009760 0 
OC097700 
0GC97800 
00097900 
CO098000 
00098100 
C0098200 
00098300 
00098400 
00098500 
00098600 
00098700
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FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT PAGE 39

LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

990 *************************** 4c*******************************************
991 * *
992 * 0 PLEASE NOTIFY YOUR INSTRUCTOR OF YOUR COMPLETION BY DISPLAYING *
993 * THE Y E L L O W  A N S W E R C U E .  *
994 * *
995 * 0 USE THIS SHEET FOR ANY COMMENTS YOU MAY HAVE- *
996 * *
997 * *
9 98 ***********************************************************************

00099000
00099100
00099200
00099300
00099400
00099500
00099600
00099700
00099800

1001 *%%%%%%%%%%%%%%%%%%%%%%%% C O M M E N T S  %%%*%%%%%%%%%%%%%%%%%%%%%%%%% 00100100
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CHART FLOPRJCT 
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ALTSORT

****A1*********
*

ENT RY *
*

***************

**********
*

SAVE REGS. AND *
ESTABLISH BASE.* 

* 
*

****************

**d*******
*  *

* SET ITEM *
* COUNT TO 64 *

* *
*  *

***********

**01 *******
jjt 3jc

♦ SET ' CEILING**
* TO 1 *

* *
* *

***********

**51 *******
jje

* SET 'FLOOR' *
* TO 64 *

*  *
. * ************

--------------------+
V

DOWNWRD .♦ .
A2 * .

sjc
YES • ♦  *VALUE OF ’ ♦ .
+- * . 'C E I L IN G '  > .♦ <— + 
| ♦  . 'F LO O R '?  .♦
I * . •*
V ♦  . .♦

♦ * * *  *  f\jQ
*  *
* D3 *
*  *

****
V 

.♦ .
B2 ■ ■ *.

.♦ ’ * END * ’ ♦ . YES
+— >*. DOWNWARD . ♦ ----

* .  SCAN? .♦
* . .*

* .  .*
* NO

*****£2********** 
* *
♦  COMPARE 2 *
♦ ADJACENT ITEMS.** *
*  *
*****************

V
.♦  •

D 2 * .
.♦  * .

.* ♦  . NO
*. IN ORDER? .♦  ----

♦ . .♦
* • . *

♦  • .♦
* YES

*****52**********
*  *
* *

4 4—  *POINT TO NEXT. *<-
* *
* *
*****************

*****B3 **********
*
*

->♦
*
*

"RA ISE"  THE 
' F LO O R '.

*****************

A 4 ♦ .
* *

.♦ END UPWARD* *• YES
+— >♦ . SCAN? .♦  ----

♦  . .♦
♦  . .♦

♦ . • *
♦  NO

*****04**********

♦  COMPARE 2 *
♦  ADJACENT ITEMS.*♦ *
* ******************

V
UPWRD .* .

C3 *.
-fc 3jc

. ♦ 'v a l u e  CF ' * .  NO
*. • CEILING* > . * ---- >

♦ . 'F LO O R '?  .*
♦  . . *

♦ . .*
♦  YES

****
* *
♦  03 ♦ -
* * 

****

****03*********
*  *
* END CF SORT. ♦
* ♦  

***************

V
.* .

C4 * .
. * * .

.*  ♦ . NO
*. IN ORDER? .* —  

♦  . .♦
♦  . .♦

♦  . .♦
♦  YES

*****04******** **
* *

+—  «POINT TO NEXT. ♦  <-
*  *
*  *
*****************

***** 53********** 
♦ SWAP *

♦ EXCHANGE ITEM S .♦  
* ♦  
* ♦  
*****************

IDNWD
*****A5********* 
*
♦  "LOWER" THE 

->♦  ' C E I L I N G ' .

****************

*****0 5*********
♦  SWAP
*_*_*_*_*_*_*_*_ 
♦ EXCHANGE ITEMS.
*
*
**************** ■*

 #
 

#
 *

 *
 *

 
#■ 

#
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FLOW CHART PROJECT» USING AN ALTERNATING EXCHANGE SORT

L X OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

<56 ****************************

57 *
000000 58 ALTSORT CSECT *
0 0 0 00 0 90 EC DOOC l o o o o c 59 STM 3 E , 3 C , 12(30)
000004 05B0 60 BALR SB, 0
000006 61 US ING *+0 0 0 0 +0 0 0 0 0 ,;
000006 50D0 B20E 00214 62 ST 3D,3SAV001+4
0 0 0 0 0A 41 FO B20A 00210 63 LA 3 F ,3S A V 001
00000 E 50F0 0008 00008 64 ST 3F » 8 ( 0 ,3D)
000012 18 DF 65 LR 3D,3F
000014 41F 0 0040 00040 66 LA 3F ,  64
000018 50F0 B252 00258 67 ST 3F,CT
00001C 41 FO 0001 00001 68 SETUP LA 3 F , 1
000020 50F0 B256 0025C 69 ST 3 F ,C E IL IN G
000024 58F0 B252 00258 70 L 3F ,CT
000028 50F 0 B25A 00260 71 ST 3F,FLOOR
00002C 58F0 B256 0025C 72 DOWNWRD L 3 F ,C E IL IN G
000030 59F0 B25A 00260 73 C 3F ,  FLOOR
000034 4720 BOCC 0 0 0 D2 74 BC 0 2 , OUT
000038 50F0 B25E 00264 75 ST 3F ,  I
00003C 5 8F0 B25A 00260 76 3D09FF L 3F,FLOOR
000040 C6F0 77 BCTR 3F ,0
000042 59F0 B25E 00264 78 C 3 F , I
000046 4740 B074 0007A 79 BC 0 4 , 3D09FC
00004A 47F0 BC5 8 0005E 80 BC 15» 3D09FD
00004E 41F 0 0001 00001 81 3DG9FE LA 3 F , 1
000052 5AF0 B25E 00264 82 A 3F, I
000056 5 OFO B25E 00264 83 ST 3F , I
00005 A 47F0 B036 0003C 84 BC 1 5 ,3D09FF
00005E 5810 B25E 002 64 85 3D09FD L 31 , I
000062 8B10 0002 00002 86 SLA 31 ,2
000066 58F1 BODA OOOEO 87 L 3 F , L I S T ( 31)
00006A 59 FI B0D6 000 DC 88 C 3 F , L I S T —4 ( 31)
00006E 47 AO B048 0004E 89 BC 1 0 ,39FB
000072 45E0 B IDA 001 EO 90 BAL 3 E , S W A P
000076 47 FO B048 0004E 91 BC 1 5 ,3D09FE
00007 A 58F0 Ö25A 00260 92 3D09FC L 3F,FLOOR
00007 E 06F0 93 BCTR 3 F ,0
000080 50F0 B2 5 A 00260 94 ST 3F,FLOOR
000084 58F0 B256 0025C 95 UPWARD L 3 F ,C E IL IN G
000088 59F0 B25A 00260 96 C 3F,FLOOR
00008C 4740 BOCC 000D2 97 BC 0 4 ,OUT
000090 58F0 B25A 00260 98 L 3F,FLOOR
000094 47F0 BOBO 000B6 99 BC 1 5 ,3D09F8
000098 5810 B25E 00264 100 3D09F9 L 31 ,1
00009C 8B10 0002 00002 101 SLA 3 1 ,2
OOOOAO 58F 1 B0D6 OOODC 102 L 3 F , L IS T —4 ( 31)
OOOOA4 59F1 BODA OOOEO 103 C 3 F , L I S T ! 31)
0 0 0 0 A 8 47C0 BOAA OOOBO 104 BC 1 2 ,39F 5
OOOOAC 45 EO B1DA 001 EO 105 BAL 3 E , SWAP
OOOOBO 106 39F5 EQU *

OOOOBO 58F0 B25E 00264 107 39F4 L 3F, I
0000B4 06F0 108 BCTR 3 F , 0
0000B6 50F0 B25E 00264 109 3D09F8 ST 3 F , I
OOOOBA 59F0 B256 0025C 110 C 3 F ,C E IL IN G

•  •

PAGE 2

F08APR70

O R T  R O U T I N E  ******************
*
*

SAVE REGISTERS 
ESTABLISH BASE

SET THE COUNT OF ITEMS TO 64

SET 'C E I L IN G '  VALUE TO 1

SET 'FLOOR' VALUE TO 64

DOES VALUE OF 'C E I L IN G '  
EXCEEDS VALUE OF 'F LO O R '?

YES»END OF SORT.
NO,SCAN DOWN TOWARD UPPER 
END OF L IS T .

END OF SCAN ?
YES.
NO .

POINT TO NEXT DATA ITEM.

GENERATE THE ADDRESSES OF TWO 
ADJACENT ITEMS, COMPARE THEM

IF IN ORDER, CONTINUE,

OTHERWISE, EXCHANGE THEM.

"RA ISE"  THE 'FLOOR '

IS VALUE OF 'C E I L IN G '  GREATER 
THEN THE VALUE OF 'FLOOR ' ? 
YES. GO OUT
NO,SCAN UPWARD TOWARD LOW END 
LIST
GENERATE THE ADDRESSES OF TWO 

ADJACENT ITEMS.

AND IF THEY ARE OUT OF ORDER, 
EXCHANGE THEM.
GO TO SWAP

OOOI* 
0 0 0 1* 
OOOL* 
0001* 
0001* 
0001* 
0001* 
0003* 
0003* 
0004* 
0004* 
0005* 
0005* 
0006* 
0006* 
0007* 
0009* 
0009* 
0009* 
0009* 
0009* 
0009* 
0009* 
0009* 
0009* 
0009* 
0010* 
0010* 
0010* 
0010* 
0010* 
0011* 
0013* 
0014* 
0014* 
0014* 
0015* 
0015* 
0016* 

OF 0018* 
0018* 
0019* 
0019* 
0019* 
0019* 
0019* 
0 0 2 0 * 
0021* 

002  2*

0022*
0022 *

SEE IF WE'RE AT THE LOW END OF 0022*

9 /16 /70

00005600 
00005700 
00005800 
00005900 
00006000 
00006100 
00006200 
00006300 
00006400 
00006500 
00006600 
00006700 
00006800 
00006900 
00007000 
00007100 
00007200 
00007300 
00007400 
00007500 
0000760G 
00007700 
00007800 
00007900 
00008000 
00008100 
00 0082 GO 
000G8300 
C0CC8400 
00008500 
00008600 
00008700 
00008800 
00008900 
00009000 
00C09100 
00009200 
00009300 
00009400 
00009500 
00009600 
00009700 
00 009 800 
00 C09900 
00010000 
00010100 
00010200 
00010300 
00010400 
00010500 
00010600 
00010700 
00010800 
00010900 
0C01100C
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LOC OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT F08APR70 9/16/70

00003 E 47 AO B092 00098 1 1 1 BC 10,3D09F9 L IS T  IF YES 0 0 2 2 * 0 0 0 1 1 1 0 0
0000C2 41F0 0 0 0 1 0 0 0 0  1 1 1 2 LA 3F, 1 "LOWER" THE 'CE IL ING* 0023* 0C011200
0000C6 5 AF 0 B256 0025C 113 A aF ,C E IL IN G 0023* 00011300
OOOOCA 50F0 B256 0025C 114 ST OF,CE IL ING 0023* 00011400
OOOOCE 47F 0 802 6 0002C 115 BC 1 5 , DOWNW RD 0024* 00011500
0000D2 0 0 0 0 116 OUT DC H' 0* TAKE A DUMP TO SEE SORTED ' L I S T '  * GOOI160C
000004 5 BO 0 D 004 00004 117 3EL01 L aD ,4 (Q ,3D ) RESTORE REGISTERS 0028* 0001170 0
0000D8 98 EC DOOC OOOOC 118 LM 3E,3C,12<3D) 0028* 0001180C
OOOODC 07FE 119 BCR 1 5 , aE RETURN 0028* 0  Ü 0119 0  C

121 ********************* L I S T  *********** L I S T  ********************* 0 G012 100
122 * LOW END OF- —  + * CÜ01220C
123 * L IST 1 00012300
124 * V =<= 00012400

0 0 0 ODE 0000
0 0 0 0 E 0 000000F40000008A 125 LIST DC F ' 2 4 4 , 1 3 8 ,4 5 ,7 7 , 1 , 5 6 ,9 5 2 ,1 1 8 , 3 5 ,6 2 , 3 2 1 ,4 9 , 7 5 ,8 4 1 ,33 ,2»  * 00012500
00C120 0000007500000209 126 DC F '1 1 7 , 5 2 1 , 5 5 5 , 2 5 , 3 5 , 3 0 , 5 0 , 7 6 , 9 5 , 1 7 2 , 2 7 1 , 4 5 3 , 1 1 5 , 6 5 2 , 3 '  * 00012600
C0015C 000000G400000029 127 DC F»4 ,4 1 , 5 4 ,9 4 , 3 5 , 2 5 , 6 4 , 1 1 4 , 4 4 1 , 7 4 , 2 0 , 9 0 , 8 1 , 5 3 , 5 7 , 1 2 , 1 1 , 9 ' 00012700
0 0 01A 4 000000410000015E 128 DC F ' 6 5 ,3  5 0 ,2 5 7 ,5 4 1 ,2 2 8 ,9 5  8 ,8  8 4 , 7 3 2 ,5 8 ,2 7 ,4 5 , 4  8 ,6 8 ,1 1 3 ,6 5 1 ' 00012800

129 * I* 00012900
130 * 1 * 00013000
131 $ UPPER END OF LIST+* 00013100
132 *********************************************************************** 00013200

0001E0 134 DS OH * 000134CG
0001E0 5810 B25E 00264 135 SWAP L 0)1 , I GENERATE THE ADDRESSES OF THE * 00013500
0001E4 8B10 0002 00002 136 SLA a i ,  2 ITEMS TO EXCHANGE. 002 9* 00013600
000 IE 8 58F1 BODA OOOEO 137 L 3)F,LIST(S)1) 0029* 00013700
0001EC 57F 1 BCD6 000 DC 138 X a F , L I S T - 4 0 U 0029* 00013 8  GO
0 0 01F 0 50F1 80D6 000 DC 139 ST a F , L i s T - 4 ( a i ) 0029* 00013900
0001F4 58F1 B0D6. OOODC 140 L a F , l i s t - 4 ( a i ) 0030* 00314000
0001F 8 57F1 BODA OOOEO 141 X 3 F , L I S T i a i ) 0030* 00014100
000 IF C 50F1 BODA OOOEO 142 ST a F , L i S T ( a i ) 0030* 00014200
000200 58 FI BODA OOOEO 143 L a F ,L IS T (S ! l ) 0031* 00014300
000204 57F1 BCD6 OCODC 144 X 3 F , L I S T - 4 ( a i ) 00 3 1* 00014400

000208 50F1 B0D6 OOODC 145 ST a F , L i S T - 4 ( a i ) 0031* 00014500
00020C 07FE 146 BCR 1 5 , aE RETURN TO MAINLINE ROUTINE. 0032* 000146CO

00020E 148 aDATAl EQU * * 0001480C
COOOCO 149 30 EQU 0 0 EQUATES FOR REGISTERS 0-15 * 00014900
C00001 150 31 EQU 0 1 * 00015000
0 0 0 0 0 2 151 32 EQU 0 2 * 00015100
000003 152 33 EQU 03 * 00u l52u0
0C0004 153 34 EQU 04 * 00C15300
000005 1 54 35 EQU 05 * 00015400
000006 155 36 EQU 06 * 00015500
000007 156 37 EQU 07 * 00015600
000008 157 33 EQU 08 * 00015700
000009 158 39 EQU 09 * OCO15800
0 0 0 0 0 A 159 a A EQU 1 0 * 00015930
GOOOOB 160 3 B EQU 1 1 * 00016000
oooooc 161 3C EQU 1 2 * 00016100



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT

LOC OBJECT CODE ADDR1 ADDR2

OOOOOD 
00000 E 
OOOOOF 
000210 
000210 
000210 
000258 
00025C 
000260 
000264 
000268 
000210 
00004E 
0000D4

SOURCE STATEMENT

ao EQU 13
3E EQU 14
aF EQU 15

DS OD
3DATA EQU *
3SAV001 EQU 3DATA+00000000
CT EQU 3DAT A + O0000072
CEILING EQU 3DATA+00000076
FLOOR EQU 3DATA+00000080
I EQU 3 DAT A+000000 84
SSAV002 EQU aDATA+00000088

DS 00000160C
39FB EQU 3D09FE
a EL02 EQU 3EL01

STMT

162
163
164
165
166
167
168
169
170
171
172
173
174
175

PAGE 4

F08APR70 9 /16 /70

72 BYTE ( S) ON WORD 
FULLWORD INTEGER 
FULLWORD INTEGER 
FULLWORD INTEGER 
FULLWORD INTEGER 
72 BYTE(S) ON WORD

* 00016200
* 00016300
* 00016400
* 00016500
* 00016600
* 00016700
* 00016800
* 00016900
* 00017000
* 00017100
* 00017200
* 00017300
* 00017400
* 00017500



FLOW CHART PROJECT, USING AN ALTERNATING EXCHANGE SORT 

OBJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT

PAGE 40 

F08APR70 9 /16 /70

1003 END 001ÜG300



CROSS-REFERENCE PAGE 1

SYMBOL LEN VALUE DEFN

D A 00001 0000 OA 00159
3B 00001 OOOOOB 00160
a c 00001 OOOOOC 00161
3D 00001 OCGOOD 00162
3DATA 00001 000210 00166
3DATA1 00001 00020 E 00148
3D09FC 00004 0C007A 00092
3DQ9FD 00004 Ü00C5E 00085
3D09FE 00004 00004E 00081
3D09FF 00 004 00003C 00076
3D09F8 00004 0G0GB6 00109
3DQ9F9 00004 000098 00100
3E 00C 01 OOOOOE 00163
3 EL 01 00004 0000D4 00 117
3EL02 00004 0000D4 00175
3F 00001 OOOOOF 00164

3 SAVOOI 00001 000210 00167
3 S A V 0 0 2 00001 000268 00172
30 00001 000000 00149
01 00001 CC00C1 00150

0? C :  C 0 1 DOCO02 00! 5!
0 3 D 1 '1 J ^  0 0 0 0  ?. 2 0152
94 1 - j  j  0 i 0  0 0 0 0 4 00153
05 J  J  0 0 ; 0 0 0 0 0 5 00164
36 0 0001 000006 00155
35 7 00001 00ÜGC7 00156
38 0 0 G 01 000008 00157
3 9 00001 000009 00158
39FB 00004 0 0 0 0 4 E 00174
39F4 00004 OOOOBO 00107
39F5 CO 001 QOCQBO 00106
ALTSORT 00001 OOOOOC 00058
CEILING 00001 0002 50 00169
CT 00001 000258 00168
DQWNWRD 0 0 C 0 4 00002C 00072
FLOOR 00001 0 0 G 2 6 0 00170
I 00001 000264 00171
LIST 00004 OGCOEG 00125
OUT 00002 G0G0D2 00116
SETUP G O  004 0  0  0  0 1  c 00068
SWAP 00004 00C1E0 00135
UPWARD 00 004 0 0 u G 8 4 00095-

NO STATEMENTS 1-LAGGED IN t h :

REFERENCES 9/16/7C

0060
0059
0059
0167

0079
0080 
0091 
0084 
0099 
0111 
0059 
0175

0063
0081
0109
006 2

0085
0142

0061
0118
0062
0168

0174

0089

0104

0069 
0067 
0115 
0071. 
0075 
CO 8 7 
0074

0072 
0070

0073 
0 078 
0088 
00 97

0064
0169

0065 0117 0117 OL18
0170 0171 0172

0090 0105 0118 0119 0146

0 0 64 0065 0066 0067 0068 0069 0070 0071 00 7 2 0073 0075 0076 0077 007 8
0082 0083 0087 0088 0092 0093 0094 0095 0096 0098 0102 0103 0107 010 8
0110
0 063

0112 0113 0114 0137 0138 0139 0140 0141 0142 0143 0144 0145

0086 
0 I 4 0

0087 
0 i 44

0088
0145

010C 0 10 1 0102 0103 0135 0 136 013 7 0 13 8 0139 0 1 4G 0141

0095 0110 0113 0114

00 76 009 2 0094 0096 0098
0 08 2 0083 0 08 5 0100 0107
0102 0103 0137 0138 0139

0109
0140

0135
0141 0142 0143 0144 0145

0090 0105

-S TAT IST ICS*  SOURCE RECORDS CSYS IN* =
* OPT IONS IN EFFECT* L IST?  NODECK? LOAD?

12 0C PRINTED LINES

1003
NORENT? XP EF ? NOTEST? ALGN? OS? LINECNT = 55
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F44-LEVEL LINKAGE EDITOR OPTIONS SPECIF IED  NCAL
VARIABLE OPTIONS USED -  S IZE=(4 5 0 5 6 ,6 1 4 4 ) -  DEFAULT OPTION(S) USED

****G0 DOES.NOT EXIST BUT HAS BEEN ADDED TO DATA SET
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F . P .  REGS. 0A.59E9GG 0G000051 F1.6A5138  E570&59F G0.000008  00000000 00.000000  00000000

REGS 0-7 FFFFFF2E  000000FC 0001D9CC OOOOOOGÜ 00019F58 0001A690 0001D7C0 0001C7B8
REGS 8-15 0001D9BG 00000000 0001D9D8 ÓF05AFB6 4007ECA2 0005B1C0 9F05B026 00000001

0 0 0 0 0 0 OOGOOOGO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0005AFB0 0 0 0 0 0 0 0 0 F F F 50000 8F051F2A * . . .
0 0 0 0 2 0 FFE50001 4007 EA2 C FFC50001 5F05B084 OOOOFFOO 0 0 0 0 0 0 0 0 F E040130 80000A0 6 * .  V .
000040 OOOOOOGG 04000000 E 0001468 00005920 02C04QA4 C000996C 00040000 00007498 * . . .
0C0060 00040000 0G007BC8 00040000 00007588 0 0 0 0 0 0 0 0 00012D10 00040000 000075IA *. . .

05AFA0 9C4E5050 9C5247F0 95C65070 9C665870 90 ECDOOC 05B050D0 B20E41F0 B20A50F0 * . .  .
05AFC0 D00818DF 41F00040 50F0B252 41FQC001 50F0B256 58F0B252 50F0B25A 58F0B256
05AFE0 59F0B25A 4720B0CC 50F0B25E 58F0B25A 06F059F0 B25E4740 B07447F0 B05841F 0 *. 0 .
05 B 00 0 00015 AF 0 B25E50F0 B25E47F0 B0365810 B25E8B10 C0G258F1 B0DA59F1 B0D647A0 * . . . 0 . .*
058020 B04845E0 B1DA47F0 B04858F0 B25A06F0 50F0B25A 58F0B256 59F0B25A 4740B0CC * . . .
Q5B040 58F0B25A 47F0B0B0 5810B25E 8B100002 58F1B0D6 59F1B0DA 47C0B0AA 45 E OB 1 DA * . 0 .
05B060 58F0B25E 06F050F0 B25E59F0 B25647A0 B09241F0 00015AF0 B25650F0 B25647F0 * . 0 .
05B080 B0260000 58D0D0C4 98 ECDOOC 07FE0000 00000C8A C00^002D 00000C4D 0 0 0 0 0 0 0 1 * .  . .
05B0A0 0000C03 8 000000F4 00000076 00000023 00000 03 E 00000141 00000031 000 0004B * . . .
05B0C0 00000349 0 0 0 0 0 0 2 1 0 0 0 0 0 0 0 2 00000075 000C0209 0000 02 2 B C0000019 00000023 *
05B0E0 0 0 0 0 0 0 1 E 00000032 0000004C 0000005F OOOOOÜAC 000 001 OF 000001C 5 00000073 * . . .
05B100 0000028C 00000003 00000004 00000029 00000036 0000005 E 00000023 00000019 *. . .
0 5 B12 0 00000040 00000072 000001B9 0 0 0 0  004A 00000014 00000 05 A 00000051 00000035 * . . .
05R140 00000039 OOOOOOOC OOOOOOOB 00000009 00000041 0000015E 0 0 0 0 0 1 0 1 0 0 0 0 0  2 1 D *. . .
05B160 00000 OE 4 000003B8 00000374 000002 DC 0000003A 0 0 G0 0 0 1 B 0000002D 00000030 * . . .
05B180 00000044 00000071 0000028B 0000Q3BE 58 10B25E 8B10C002 58F1B0DA 57F 1B0D6 * 1 . 0 *
05B1A0 50F1B0D6 58F1B0D6 57F1B0DA 50F1B0DA 58F1B0DA 57F1B0D6 50F1B0D6 07FE0398 *. 1 . 0 . 1 . 0 ,, 1 . . . 1 . . .  1 . « . 1 . 0 . 1 . 0 . . . .  *
05B1C0 00065090 00066 F6  8 C00606C 0 00060360 OOOOF FFF OOFFFFFF OOOOOOOC 0 0 0 0 0 0 0 0 * . . .
0561E0 00000160 00040007 00050007 00000008 E2E3D7C3 C1C2C3D5 COFFOOOO OOFOOFOO ❖ . STPCABCN.........

& 05B200 F OF OF OF 0 4 4 4 4 4 4 4 4 00000040 0 0 0 0 0 0 0 1 0000003 F 00000040 FDOOOOOO E2E4F0F0 * 0 0 0 0

|:0 5 B 2 2 0 F0F0F0F1 F2F3F4F5 F6F7F8F9 C1C2C3C4 C5C6E2F2 F2F240E3 C9D4C504 00400000 *000123456789ABCDEFS222 T IM E . . . . *
..05B240 00328000 C9C5C6F4 F 5F0C940 E7E7E7E7 E7E7E7E7 4BE7E7E7 E7E7E7E7 E74BE7E7 *. . . . 1EF450I xxxxxxxx . xxxxxxxx . XX*

05B260 90ECD00C 05C004F0 07004110 CO 100511 OF 05 B304 7FFF0A0E 58B00010 9110B074 * . . .

05B820 50401010 4340A008 12444780 885C4820 A00E5420 8A9E4780 87FC0620 5A20B010 * • n
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